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brought the drawings to their final format. 
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and Marga Verdonschot assisted In the study, described In 
chapter nine. They helped fast and effect ively when University 
regulations tended to Inhibit the progress of the study: "It 's 
all In the family". 
The continuous moral support of Tini Verdonschot, Aukje Boersma 
and Harm Boersma provided me confidence in my work. 
During the completion of this thesis the person who was dally 
faced with the pract ical and social consequences and who never 
ceased to support me Is Etta Boersma, my sine qua non. 
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GENERAL INTRODUCTION 
In dental l i te ra ture the term "treatment planning" was applied 
whenever the pr ior i t ies of the various treatments to be 
conducted were discussed. With the Introduction of a new 
curriculum at the Dental College of the University of Nijmegen, 
a more comprehensive view on treatment planning was presented. 
The newly designed concept of t reatment planning contained the 
student dentist's or dentist's observations and thoughts In 
resolving dental problems, finally resulting In a sequential 
list with chosen solutions. 
In report ing thei r thoughts students util ized a prescribed 
scheme which was denoted a "modified problem solving cyc le" . 
The pref ix "modif ied" re fers to the adjustment of a general 
scientific problem solving scheme to the character ist ics of 
dental problems. 
To emphasize the Importance of t reatment planning In clinical 
dentistry, student dentists were expected to construct 
treatment plans whenever one or more problems occured In a 
patient's oral cavi ty. In addition, the treatment plans were 
evaluated and graded by facul ty. To students this procedure 
caused some displeasure. Especially senior students, having 
gained some experience In treatment planning, Judged the 
construction of an entire treatment plan for "simple" problems 
as overdone. Furthermore, student dentists soon discovered that 
all members of faculty applied dissimilar standards In 
assigning grades. This Inconvenience gave rise to the study 
contained In chapter one. 
Researchers In the f ield of problem solving believed problem 
solving to be generally applicable to all kinds of problems 
(e.g. Newell and Simon, 1972). However, when educators In 
disciplines where problem solving Is an essential par t of the 
curriculum (e.g. engeneerlng) t r ied to Implement the results of 
problem solving research, they were forced to adjust the 
existing theories for two reasons. First, educators were faced 
with the fac t that they had to teach students how to r e -
solve problems. This compelled them to choose a learning theory 
by which problem solving could be more easily taught. Second, 
the character ist ics and content of a problem can Influence the 
solution of a problem. 
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The results of the problem solving research were Introduced In 
medical education at the McMaster University In Ontario, 
Canada. In The Netherlands the medical college of Maastricht 
developed a problem-based curr iculum. Thetr experiences and 
educational Investigations had a profound Influence on this 
thesis. 
In The Netherlands this thesis Is the th i rd In a row In which 
problem solving Is Investigated within a specific domain. After 
Vaags' "On solving engeneerlng problems" (1975) and Mettesand 
Pilot's "On solving natural scientif ic problems" (1980), this 
thesis emphasizes the education In resolving dental problems. 
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C H A P T E R 1. T R E A T M E N T P L A N N I N G 
Description of an existing method and Its application In educa-
t ion . 
An Important dimension of dental education Is teaching student 
dentists to t rea t dental abnormalities. Dif ferent constructs 
can be uti l ized In organizing this education. Two extremes are: 
- A construct In which abnormalities are the primary focus. 
- A construct in which patients with the i r dental problems are 
the center of in terest . A patient's problems should be 
resolved without disregarding the patient's needs, wishes, 
character ist ics, etc. 
In the dental curriculum of the University of Nijmegen the 
pat ient-centered construct is p re fe red . This curriculum has the 
following s t ruc tu re : 
- Students receive Information on dentistry In modules 
(courses). Upon successful completion of a module, a student 
dentist can continue to another module at a higher level. 
- The knowledge gained from the basic modules is applied In 
advanced modules which Integrate Information across all 
disciplines in dent istry. These are modules which provide 
students the opportunity to apply acquired skills In the 
treatment of patients. 
- The Integrated modules also maintain the skills students have 
acquired after completion of basic modules. 
- Students can complete their study as soon as they demonstrate 
sufficient knowledge and skills In the integrated treatment 
of patients. 
Skills that students acquire in the f i r s t year and the f i r s t 
half of the second year of study are applied In the module 
"Clinical Dentistry I " . This module Is positioned In the 
curriculum in the second half of the second year. Similar 
modules exist In the t h i r d , four th and f i f th year. The 
treatment of patients In all Integrated modules Is based on a 
phased treatment plan in which Is Included: 
- The information gathered during the patient's examination. 
- The patient's present abnormalities. 
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- Suggestions for t reatment of the abnormalities. 
- A case presentation, which Informs the patient about the 
abnormalities and the suggested t reatment. 
- A t reatment scheme which Indicates the abnormality to be 
t reated at each session. 
- The cost of the proposed t reatment . 
- The prognosis of the t reatment . 
The success of such a course design Is determined by the 
Importance dental educators assign to a treatment plan. Such a 
plan must not only be Justif ied technical ly, but It must also 
be acceptable to everyone involved. 
- T h e patient as the receiver of the treatment. 
- The student who constructs the plan and who manages Its 
execution 
- A dental Instructor who veri f ies the Information obtained 
from the patient and who supervises the treatment. 
- A dental preceptor who assesses the plan's correctness and 
coherence. The preceptor takes responsibility for the final 
version of the plan. 
From an educational point of view It Is Important that dental 
preceptors reach an acceptable level of agreement with other 
dental preceptors. Treatment plans composed by students m ust be 
evaluated as consistently as possible given analogous 
situations. To determine the level of agreement among the 
preceptors a pi lot study was conducted. The purpose of this 
study was to Investigate Intel—rater agreement on treatment 
plans formulated by students. The treatment plans were 
evaluated by several preceptors. For each par t of the treatment 
plan, each preceptor was asked to evaluate the plan, to assign 
a grade and give a writ ten Justi f icat ion of the evaluation. The 
data, obtained from this study, will be used to : 
- Improve education in t reatment planning. 
- Improve the method for solving dental problems. 
- Establish evaluation c r i t e r i a . 
- Improve agreement among preceptors. 
1 .1 . An exist ing method for planning dental treatment 
Apart from perceptual-motor skills, historically the learning 
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of facts and their reproduction has been emphasized In dental 
education. When a new dental curriculum was Introduced at the 
University of Nijmegen, the Importance of knowledge being 
applied In pract ice was stressed (Club van Zes, 1973). Learning 
how to apply knowledge In pract ice was emphasized In the 
curriculum to be designed: " I t seems highly important, that 
students find a method or a strategy with which they learn to 
solve problems Independently and with which they should be 
capable of evaluating their own performance cr i t ical ly as well 
as f i t t ing In (new) knowledge In their performance". 
This knowledge Is supplied by various departments of the dental 
college. I t Is the Instructional goal that students apply the i r 
knowledge In patient t reatment and dental problem solving. In 
order to achieve this goal the curriculum committee designed a 
'problem solving cycle ' . The cycle Is oriented to solving 
dental problems. This cycle consists of 10 steps: 
1. Observation (examination). 
2. Recogniton of the problem. 
3. Problem(s) formulat ion. 
4. Critique of the problem(s) formulat ion. 
5. Testing standard treatment alternatives 
6. Modification of the standard treatment alternatives. 
7. Treatment plan/sequence. 
8. Evaluation and refinement of the plan. 
9. Therapy. 
10. Assessment of the treatment results. 
Evaluation of the cycle following its application In a specific 
module showed a signif icant e f fec t . Essays In which diagnostic 
tasks were described by students who had made use of the cycle 
were better in quality than the essays of students who had not 
made use of the cycle (Van den Brlel and Plasschaert, 1977). 
This problem solving cycle was also Introduced In the 
perceptual-motor aspects of the dental curriculum. In the 
clinical setting students were taught to design treatment plans 
for patients with the use of the problem solving cycle. 
Initially the aforementioned scheme was util ized, but during 
the academic year, 1978-1979, the two largest clinical 
departments changed parts of the cycle. The reason for this 
alteration was to Improve the cycle on the basis of knowledge 
gained from experience. As a result these departments adopted 
the following steps (Syllabus Klinische Tandheelkunde, 1978): 
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1. Observation: this step consists of a repor t on the history 
and clinical examination. 
2. Recognition: a repo r t on the relationship between the 
observed phenomena. This step can also be part of the 
problem(s) formulat ion. 
3. Problem(s) formulation: this step Is divided in two parts: 
3 . 1 . The description of all problems (the composition of a 
problem l ist) . 
3.2. Crit ique of the problem(s) formulation: the students 
should describe the i r deliberations used to formulate 
the problem. In addition they are to eliminate I r re le -
vant problems creat ing a new problem list comprised of 
only relevant problems. Simultaneously they may mention 
the relationship between observations and their causes 
(recognit ion). If not already Included in the former 
step. 
4 . Treatment alternatlve(s) and chosen alternatives. 
4 . 1 . Treatment alternatlve(s): a list of all relevant 
alternatives which deserve consideration. 
4 .2 . Chosen al ternat lve(s): a list with chosen alternatives 
and proposed modifications. In addition the treatment 
sequence must be determined along with an estimation of 
time required and costs. 
4.3. Justification of the chosen alternatlve(s): an 
elucidation of the available alternatives, the chosen 
alternatives and a just i f icat ion of the alternatives 
chosen. 
5. Tentative treatment sequence: a repor t on the Influence of 
others Involved (patient, specialist, teacher) and the 
consequences of these Influences for the final treatment 
plan. 
6. Definitive treatment sequence: a final list of planned act i -
vities In the co r rec t sequence, an estimate of time, 
laboratory phases and calculation of the costs. 
7. Therapy: repor t on the treatment to be performed In 
chronological o rder . 
8. Prognosis and evaluation: l ist of expected treatment results 
and a description of standards and c r i te r ia by which the 
treatment results will be evaluated and are related to the 
problem formulat ion. By means of this step the problem 
solving process becomes cyclic In nature. 
The f i r s t step, the observation, Is accomplished by students 
during their clinical work under supervision of an Instructor. 
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The Instructor verif ies the data obtained from the patient. The 
student accomplishes the remaining steps of the cycle In 
absence of the patient. The treatment plan developed is 
submitted to a preceptor for evaluation. The preceptor studies, 
evaluates and assigns a grade to the treatment plan. Grading Is 
based upon a four point scale with the following I n t e r p r e t a ­
t ion: 
1 = very Inadequate 
2 = Inadequate 
3 = a de q u ate 
4 = good. 
The evaluation of the treatment plan Including adjustments or 
Improvements must be corrected by the preceptor and returned to 
the student. This f i r s t evaluation can lead to a Joint review 
of the treatment plan on the Init iative of either the student 
or the preceptor . 
The preceptor can Introduce a second and a th i rd evaluation 
session after the student has Improved the treatment plan. The 
final grade for a treatment plan Is determined by an average of 
grades for all evaluations made. 
I f the preceptor approves of the treatment plan, the student 
executes It under the supervision of an Instructor. This 
dentist Is responsible for the quality of the performed 
treatment by the student. Τ he progress of the treatment however 
remains a responsibility of the assigned preceptor. 
When students desire to complete the 'candldaatsexamen', as 
well as the 'doctoraal-examen' and the 'tandarts-examen' (see: 
Nash et al. , 1981), they must meet the following requirement: 
the mean of all the i r t reatment plans must be valued 3.0 or 
more. If the mean Is less than 3.0 students are re jected for 
the module "Clinical Dent istry", which could eventually lead to 
a re ject ion for the complete examination. 
In evaluating treatment plans preceptors are f ree to design 
their own c r i t e r i a . Preceptors were not t ra ined to evaluate 
treatment plans and there probably will be a great variety of 
c r i t e r i a among the preceptors which will result In low Intel— 
rater agreement. 
1.2. Evaluation of the exist ing system of treatment planning 
20 chapter 1 
1.2.1. Problem formulation 
Significant differences between raters have often been noticed 
In the assessment of tooth preparations (Borgeslus, 1973; 
Hoekman, 1974; Sanders, 1980). 
Dental t reatment plans, however, have not been a subject of 
wide Investigation. In the Netherlands this was Initiated by 
Tromp In 1976. 
Having gained experience In evaluating t reatment plans the 
preceptors agreed that the evaluation of t reatment plans should 
be structured in order to reduce Intel—rater differences. On 
this basis a pilot-study was designed to answer the following 
questions: 
1 . How large Is the Intel—rater agreement among preceptors In 
evaluating t reatment plans? 
2. How do raters handle certain evaluation c r i te r ia and what Is 
the Influence of these c r i te r ia on the final grade of the 
treatment plan? 
3. How are the various parts of a plan weighted in the final 
grade? 
4. How are the clinical record forms which accompany the 
treatment plans being used? 
5. How do the ra ters use the four point scale In their 
evaluations? 
These questions were conceived with the evaluation of the 
treatment plans because In such a plan all aspects of the 
problem solving cycle are present. In addition evaluation In 
the manner described provides a student with feedback, which Is 
an Important par t of every learning process. 
Information concerning the agreement with which preceptors 
evaluate t reatment plans reveal the relat ive weight to be 
assigned to these evaluations. Furthermore, investigation can 
reveal how eventual disagreements are Introduced In the rating 
process and which aspects of evaluation are Important with 
regard to the plan's final grade. 
1.2.2. Materials and methods 
1.2.2.1. Materials 
In this study f ive t reatment plans randomly selected from the 
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plans a preceptor had received -for evaluation were used as 
samples· 
These treatment plans had been constructed by students In 
d i f ferent years of their dental education. I t was determined 
unimportant that the ra te r know which level a student had 
reached. Patients are screened before students are able to 
t r ea t them: patients with complex abnormalities are assigned to 
students who are supposed to be capable of dealing with these 
part icular problems at their level of education. 
The hand-written plans were typed and graphic clinical record 
forms were drawn clearly In order to prevent problems that 
might arise regarding legibility after duplication. Radiographs 
were copied accurately and the diagnostic castings were 
duplicated. 
All t reatment plans were copied four times. In this manner a 
pool of 20 t reatment plans and clinical record forms were 
obtained. The original versions of the plans, castings and 
graphics were not used In the Investigation. Twenty-four 
preceptors were requested to evaluate the treatment plans. 
Sixteen preceptors were willing to cooperate while the rest 
either did not have enough time or Insufficient Interest In 
this study. The preceptors were faculty of the departments of 
Orthodontics (1), Perlodontology (2) and Operative Dentistry 
(13). 
1.2.2.2. Methods 
The six components of a treatment plan were evaluated for 
twelve aspects and recorded on a form (appendix 1 ). 
These six components are not completely Identical to the steps 
of the problem solving cycle as described. During the 
Investigation the students were allowed to use two d i f ferent 
modifications of the cycle, due to varying Ideas of the 
clinical departments. 
The choice of the evaluation c r i te r ia was based upon Bloom's 
(1971 ) opinion tha t each component of a plan should contain the 
desired Information quantitatively as well as quali tat ively. 
The following c r i te r ia were chosen: 
- quant i tat ive evaluation 1. completeness of the report 
of a component 2. comprehensiveness of the report 
- qua l i ta t i ve evaluation 3. correctness of the report 
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of a component 4. clearness of the report 
The global evaluation (aspect 11) concerned the evaluation of 
all previous aspects. In order to evaluate the coherence of the 
various parts two criteria were added. 
- coherence of the parts 5. systematic 
1 to 10 6. accuracy 
Table 1.1. Evaluation of Treatment Plans. 
COMPONENT OF PLAN EVALUATION ASPECTS 
1. Observation 1. Description of the case history 
2. Report on clinical examination 
2. Problem(s) formulation 3. Problem(s) formulation 
4. Critique of the problem(s) 
formuIatlon 
3. Treatment alternatives 5. List of treatment alternatives 
4. Chosen alternatives 6. Choices out of treatment alterna-
tives 
7. Justification of the chosen 
alternatives 
5. Treatment sequence 8. Sequence of the planned treatment 
parts 
9. Estimate of required time 
10. Estimate of the costs 
6. Global evaluation 11. An evaluation of the treatment 
pi an as a whole 
7. Final grade 12. A final evaluation on a four point 
scale 
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Evaluation of aspects 8, 9 and 10 were accomplished using the 
following c r i t e r i a : 
- the sequencing of the treatments In the treatment plan 
- correctness of the estimated time needed for t reatment 
- correctness of the estimated costs. 
These aspects were assessed on a nominal scale. They will 
t h e r e f o r e not be considered In the statistical calculations In 
the following paragraphs. Appendix 2 provides a list of all the 
c r i t e r i a . 
The treatment plans were submitted to the r a t e r s In an a r b i ­
t r a r y sequence. However, all r a t e r s were Instructed t o evaluate 
all of the f ive plans. Nine raters evaluated all plans, while 
seven r a t e r s missed one or two because they had Insufficient 
time available. 
1.2.3. Results 
1.2.3.1. Intel—rater agreement 
To test for differences In the evaluations a one-way analysis 
of variance was used. The null hypothesis was that t h e r e would 
be no statistically significant difference between the mean 
scores of the r a t e r s . The F-ratio's for the several aspects are 
shown In Table 1.2. 
Table 1.2. F-Ratlo's for the Evaluation Aspects (* ρ < 0.05) 
EVALUATION ASPECTS F-RATIO'S 
History 2.92* 
Clinical examination 6.66* 
Problem(s) formulation 2.65* 
Critique of the problem(s) formulation 3.Θ5* 
Treatment alternative(s) 1.54 
Chosen alternative(s) 4.82* 
JustIfIcatlon(s) of the choice 4.52* 
Global evaluation 4.75* 
Final grade 1.91* 
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S i g n i f i c a n t d i f f e r e n c e s among r a t e r s were f o u n d (Table 1.2.) in 
all e v a l u a t i o n aspects with t h e e x c e p t i o n of t h e aspect 
" t r e a t m e n t a l t e r n a t i v e s " (p < 0 . 0 5 ) . 
To examine which c r i t e r i a c o n t r i b u t e d t o t h e s e d i f f e r e n c e s , a 
second analysis of v a r i a n c e was c o n d u c t e d . In t h i s analysis, 
t h e F - r a t l o of each e v a l u a t i o n c r i t e r i o n was c a l c u l a t e d . The 
r e s u l t s a r e shown In Table 1 . 3 . 
The d i f f e r e n c e s In " h i s t o r y " were due t o t h e c r i t e r i o n 
" c l e a r n e s s " . The d i f f e r e n c e s In " J u s t i f i c a t i o n " were due t o t h e 
c r i t e r i o n " c o m p r e h e n s i v e n e s s " . The d i f f e r e n c e s In t h e o t h e r 
aspects were t h e r e s u l t of l a r g e d i f f e r e n c e s In two or more 
e v a l u a t i o n c r i t e r i a . 
The d i f f e r e n c e s In e v a l u a t i o n of " t r e a t m e n t s e q u e n c e " , " t i m e 
e s t i m a t e " and " e s t i m a t e of c o s t s " a r e I l l u s t r a t e d In Table 1.4. 
The p e r c e n t a g e s f o r each r a t i n g a r e shown. 
A s c o r e of one (1) a p p e a r e d more f r e q u e n t l y t h a n any o t h e r 
s c o r e ( T a b l e 1 . 4 . ) . This I n d i c a t e s t h a t most of t h e r a t e r s 
s c o r e " t r e a t m e n t s e q u e n c e " , " t i m e e s t i m a t e " and " e s t i m a t e of 
c o s t s " as being I n a d e q u a t e . However, i t Is necessary t o 
c o n s i d e r t h a t t h e number of e v a l u a t i o n s f o r t h e aspects " t i m e 
e s t i m a t e " and " e s t i m a t e of c o s t s " a r e v e r y few. 
Table 1.3. F - r a t l o ' s f o r t h e E v a l u a t i o n Aspects p e r E v a l u a t i o n 
C r i t e r i o n ( c o m p i . = completeness, c o m p r . = c o m p r e ­
hensiveness, c o m . = c o r r e c t n e s s , c l e a r . = c lea i— 
ness, s y s t . = systemat lcs, a c e . = a c c u r a c y ) 
(* Ρ < · 0 5 ) 
EVALUATION ASPECTS F-RATIO'S 
compi compr c o r r c l e a r syst ace 
1. History 1.43 1.51 1.24 2.28* 
2. Clinical examination 2.74* 2.29* 2.59* 3.56* 
3. Problem(s) formulation 2.32* 0.97 2.09* 1.84 
4. Critique 2.24* 1.39 1.48 2.04* 
5. Treatment alternative(s) 0.96 1.19 0.38 0.88 
6. Chosen alternatlve(s) 1.60 2.49* 0.95 3.00* 
7. Justification 1.09 2.38*0.79 1.64 
11. Global evaluation 1.99* 2.93* 1.37 1.70 1.20 1.33 
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This l imits t h e poss ib i l i t ies of I n t e r p r e t i n g t h e e v a l u a t i o n s 
c o r r e c t l y . 
Table 1.4. S c o r e P e r c e n t a g e s f o r " T r e a t m e n t s e q u e n c e " , " T i m e 
e s t i m a t e " and " E s t i m a t e of c o s t s " . 
EVALUATION ASPECT SCORE (?) number of 
1 2 3 4 e v a l u a t i o n s 
Treatment sequence 48 22 19 12 59 
Time e s t i m a t e 46 46 В 13 
Est imate of c o s t s 70 30 10 
( F o r legenda of Table 1.5. see n e x t page) 
Table 1.5. Mean E v a l u a t i o n and S t a n d a r d D e v i a t i o n f o r each 
r a t e r . 
r a t e r number of mean standard 
e v a l u a t i o n s e v a l u a t i o n d e v i a t i o n 
25 
5 
15 
12 
2 
4 
22 
23 
11 
10 
6 
9 
13 
16 
7 
19 
η 
153 
171 
58 
78 
175 
171 
132 
125 
171 
167 
163 
170 
88 
11 
66 
163 
3.24 
3.21 
3.17 
3.09 
3.01 
2.82 
2.67 
2.66 
2.61 
2.58 
2.55 
2.53 
2.32 
2.27 
2.21 
2.10 
s . d . 
0.52 
0.93 
0.50 
0.94 
0.93 
0.76 
0.67 
0.96 
0.71 
0.64 
0.91 
1.07 
0.60 
0.65 
0.69 
0.81 
2062 2.72 0.88 
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Table 1.5. delineates the mean evaluations by each r a t e r . All 
aspects have been considered except for "treatment sequence", 
"time estimate" and "estimate of the costs". (These were 
assessed on a nominal scale.) 
The evaluations were ranged from "high" to "low". 
Figure 1.1. Indicates the relationship among mean evaluations 
of the r a t e r s . The average of all evaluations and all r a t e r s 
was determined as a reference point. This average was 2.72 and 
s.d.= 0.88. The mean evaluations and standard deviations of 
four r a t e r s remain within the area of reference ( r a t e r s 4, 10, 
11 and 22). The standard deviation of 0.88 Indicates that the 
differences among r a t e r s are large. 
Score 
3 6 - • 
2 7 -
1 I — ι — I — I — I — I — I — I — I — I — I — I 1 1 1 ' 
2 4 5 6 7 9 10 11 12 13 15 16 19 22 23 25 
Ralers 
Figure 1.1. Average evaluations and standard deviations. 
1.2.3.2. The effects of the d i f ferent evaluation aspects on the 
final grade 
In assigning a final grade to a treatment plan variation 
factors can guide the r a t e . The relationship between these 
factors and the final grade Is c lar i f ied by the results of this 
study. 
The value a r a t e r attaches to a part icular aspect of the 
chapter 1 27 
treatment plan can be determined by examining the Influence of 
a part icular aspect on the final grade. Calculation of 
correlat ion coefficients ( r ) was accomplished to estimate tha t 
influence. The Individual treatment planning aspects serve as 
predictors of the final grade. The proport ion of variance In 
the final grade, that can be explained by the variance of the 
aspects of t reatment planning is represented by the square of 
the correlat ion coeff ic ient (r ). 
A survey of these proport ions for each aspect of t reatment 
planning is shown In Table 1.6. 
2 Tabel 1.6. The Proport ion of Variance (r ) in the Final Grade 
tha t Can be Explained by the Variance Present In the 
Aspects of the Treatment Plans Evaluated. 
EVALUATION ASPECTS PROPORTION OF VARIANCE (r ) 
compi compr corr clear syst ace TOTAL 
History 
CI 1nlcal examina-
tion 
Problem formulation 
Critique of the 
formulatlon(s) 
Treatment alterna-
tiveis) 
Chosen aternatlves 
Justification of 
the choice 
Global evaluation 
.28 
.33 
.29 
.31 
.43 
.40 
.38 
.58 
.14 
.27 
.16 
.20 
.25 
.19 
.36 
.22 
.42 
.23 
.22 
.30 
.52 
.51 
.37 
.69 
.13 
.14 
.00 
.13 
.23 
.16 
.21 
.26 
.97 
.97 
.67 
.94 
1.43 
1.26 
1.32 
(.34) (.50) 1.75 
TOTAL 3.00 1.79 3.26 1.26 
For ease In Interpretat ion In Table 1.6. the proport ions are 
added horizontally (column TOTAL). I t Is apparent tha t the 
"global evaluation" has a great Influence on the final grade. 
"Treatment a l ternat lve(s)" , "chosen al ternat lve(s)" and 
"Justif ication of the choice" appear to be somewhat less 
important. The "problem(s) formulat ion" Influences the final 
grade less than any other evaluation aspect. 
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1.2.3.3. The effects of evaluation c r i t e r i a on the evaluation 
aspects and on the final grade. 
I n t e r p r e t i n g Table 1.3. columnwise It can be concluded that the 
evaluation c r i t e r i o n "correctness" results In smaller 
differences between r a t e r s than do the other c r i t e r i a . Dif­
ferences arose with regard to only two aspects: clinical 
examination and problem(s) formulat ion. The evaluation c r i t e r i a 
"systematic" and "accuracy" have been used In too few cases t o 
character ize their quality. 
The proportions In the columns of Table 1.6. relate t o the 
evaluation c r i t e r i a . The sums of these proportions are given at 
the bottom of the table. The sums Indicate that the 
quantitative c r i t e r i o n "completeness" and the qualitative 
cr i ter ion "correctness" have more Influence on the final grade 
than the other c r i t e r i a . The proport ion of variance accounted 
for by the evaluation c r i t e r i o n "correctness" was always larger 
than the proport ion accounted for by the other qualitative 
c r i t e r i o n "clearness". Comparing both quantitat ive evaluation 
c r i t e r i a reveals the same result In favour of "completeness". 
1.2.3.4. The use of clinical r e c o r d forms accompanlng a 
t reatment plan. 
Dental t reatment plans are accompanied by clinical record 
forms. These contain the data from a patient's examination 
recorded during pract ical work. The plans t h a t were used In 
this study Included some clinical r e c o r d forms. To determine 
the attention given to the clinical r e c o r d forms by preceptors. 
Information which would Influence the treatment decision was 
deliberately added In the clinical r e c o r d forms. An θ mm. 
pocket was Included In de clinical r e c o r d form Indicating the 
status of the gingiva (the periodontal status). Recognition of 
a periodontal abnormality of this size Is Important to the 
course of the t reatment. However, the treatment plan did not 
Include information regarding the treatment of the problem. 
Only four r a t e r s out of fourteen (28.6 %) who evaluated this 
plan, noticed the discrepancy. These four r a t e r s remarked that 
the abnormality could not be found In the "clinical 
examination", nor had It been elaborated In the rest of the 
treatment plan. 
This Indicates t h a t only few dental preceptors study the 
clinical r e c o r d forms of a treatment plan with satisfactory 
accuracy. 
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1.2 .3 .5 . The use of t he r a t i n g scale 
To gain an impression of t h e manner in which t h e r a t e r s use t h e 
r a t i n g scale, t h e sco re pe rcen tages (pe rcen tages of eva lua t i ons 
equal t o 1 , 2, 3 o r 4 ) of two eva lua t ion aspects were 
c a l c u l a t e d . The eva lua t ion aspects chosen were " c l i n i c a l 
examina t i on " and "p rob lem f o r m u l a t i o n " (Tab le 1 .7 . ) . This t a b l e 
also shows t h e t o t a l number of assessments ( n ) . Fo r t h e 
I n t e r p r e t a t i o n of t h e scores see p a r a g r a p h 1 . 1 . 
Table 1.7. S c o r e Pe rcen tages of Two Eva lua t ion Aspec ts . 
ASPECT: c l i n i c a l examinat ion ASPECT: problem fo rmu la t i on 
score score 
comp Iete 
compre-
hensive 
correct 
clear 
14 
14 
7 
3 
40 
44 
18 
23 
32 
35 
58 
44 
14 
6 
17 
31 
65 
63 
60 
62 
complete 7 18 58 17 60 
compre- 10 40 38 12 58 
hen s I ve 
c o r r e c t 5 26 59 10 35 
c lea r 0 9 57 34 34 
The r a t e r s show a p r e f e r e n c e f o r t h e posi t ions In t h e middle of 
t h e r a t i n g scale (scores 2 and 3 ) . 
The eva lua t i on c r i t e r i o n " c l e a r n e s s " p roduced few Inadequate 
scores (1 and 2) when used f o r r a t i n g "p rob lem(s ) f o r m u l a t i o n " . 
The small p e r c e n t a g e of score one (1) eva lua t ions Ind icates 
t h a t t h e r a t e r s t e n d to reduce t h e f o u r po in t sca le t o a t h r e e 
po in t sca le . 
Most r a t e r s be l ieve t h a t t h e c l in i ca l examinat ion should be 
r e p o r t e d more comprehens ive l y . This conc lus ion was de r i ved by 
t h e r e a c t i o n s added t o the eva lua t ions . All r a t e r s ag ree t h a t 
t h e c l i n i ca l examinat ion should Include more than what is 
r e p o r t e d p resen t l y ; a m a j o r i t y cons ider t h e c l in i ca l 
examinat ion Insu f f i c i en t (see Table 1 .7 . ) . F i f t y - f o u r p e r c e n t 
of t h e eva lua t ions on t h e c r i t e r i o n "comp le teness" appear t o be 
inadequa te . 
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1.3. Dlscusslon 
1+ seems useful to evaluate the quality of t reatment plans only 
If It Is Indeed possible to point out differences In quality 
among plans. Differences In evaluations by faculty conceal the 
differences In quality which may well be present. 
During clinical examination the problems are revealed. Each 
t reatment plan begins with the data from this examination but 
In this phase the raters differ considerably when assigning 
grades to these repor ts . I t follows that the evaluations of the 
succeeding aspects of the treatment plan f luctuate strongly as 
well. The Intel—rater agreement regarding the evaluation of the 
clinical examination, and consequently the subsequent 
evaluation aspects, can be Improved. This can be done by 
report ing the clinical examination according to a defined data 
base. The Inadequate use of the Information In the clinical 
record forms Is a reason In favour of such a data base. This 
recommendation relates directly to the Instructions for data 
collection tha t students should receive during a treatment 
planning course. 
As the Tables 1.3. and 1.6. Indicate, the ra ters value the 
"correctness" of the parts of a treatment plan as being very 
Important. The raters di f fer In thei r evaluations with regard 
to only two aspects. This cr i ter ion "correctness" also has a 
positive Influence on the final grade. Because of these 
factors, the role of this cr i ter ion In fu ture evaluation of 
clinical examination should be of major Importance. In 
addition. Table 1.6. indicates that "completeness" Is a better 
quantitative cr i ter ion than "comprehensiveness". 
In the existing evaluation procedure a t reatment plan is rated 
by only one preceptor . Considering the results of this study 
(Table 1.5.) It would be preferable to use more than one rater 
to balance the feedback given to students. Students receive a 
fa i re r evaluation if the ra te rs ' evaluations are averaged. Such 
a solution will not lead to better t reatment plans, but will 
Induce more balanced decisions on students (Sanders, 1980). 
Another way to achieve balanced evaluations Is to design 
evaluation schemes for all aspects (Dousma and Horsten, 1980). 
Evaluation schemes prescribe the rat ing of, In this case, a 
treatment plan using defined c r i te r ia and scores for all 
evaluation aspects of a plan and all existing points on the 
rat ing scale. 
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Training teachers to evaluate treatment plans may contr ibute to 
a better In t ra - and Intel—rater agreement. Such training 
however Is only useful when the raters use treatment schemes 
and/or well appointed c r i te r ia during evaluation both for a 
training and for subsequent evaluation of students. 
1.4. Conclusions 
The parts of the problem solving cycle should be the subject of 
future Investigations since during this study two dissimilar 
procedures were employed. These Investigations should focus on 
Improving the problem solving process such that the 
construction and function of a more rel iable rat ing system will 
be obtained. 
A f i r s t step In that direction Is described In chapter 2. 
The results of this study emphasize the necessity of 
structur ing the evaluation procedure In such a way that 
differences In Interpretat ion can be avoided. Further attention 
will be paid to this matter In chapter 3. The treatment 
c r i te r ia "correctness" and "completeness" will be used for this 
purpose. 
Data gathering during clinical examination can be structured 
by composing a defined data base for both history and clinical 
examination. This data base, transposed to forms, and a rating 
system for evaluating the collected data could help to Improve 
the grading of treatment plans by dentists. Students should 
also use these forms for better treatment plan construction and 
for self-assessment. Again, It Is Important to specify 
evaluation c r l t e ra for each aspect of a treatment plan. These 
and other such problems will be elaborated In chapter 4. 
The aspects of treatment planning " t reatment sequence", "time 
estimate" and "estimate of costs" were generally scored as 
Inadequate (Table 1.4.). In addition, apart from "treatment 
sequence", the other two aspects were evaluated In only a few 
cases. From the data the ra ters supplied It appears that this 
Is due to the defective manner of report ing these In the 
treatment plans. When constructing a new problem solving 
process revisions must be made In these two aspects. 
The comments added by the raters to the treatment plans could 
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Ь useful t o formulate model-solutions for certain dental 
problems. In addition It should be specified under which 
conditions model-solution would be Indicated. Thus students 
will be able t o consult model-solutions applicable to their 
part icular case. I t may well be possible t h a t the students will 
encounter a model-solution concerning unfamiliar material or 
Issues. The students will be expected t o acquire new 
Information In this area. This will contr ibute positively to 
their educational development. 
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APPENDIX 1 
treatment plan number: 
rater number: 
PLEASE STUDY THE TREATMENT PLAN CAREFULLY. 
ANSWER THE QUESTIONS BY MARKING THE GRADE OF YOUR CHOICE. IF 
YOU HAVE COMMENT PLEASE USE THE DOTTED LINES. 
OBSERVATION 
1. a. The description of the case-history Is: 
Incomplete -1-
not comprehensive -1-
not correct -1-
not clear -1-
•2-:-3-:-4-
-2-:-3-:-4-
•2-:-3-:-4-
-2-:-3-:-4-
compIete 
comprehensive 
correct 
clear 
b. The description lacks the following aspects: 
2. a. The report on the clinical examination Is: 
IncompIete 
not comprehensive 
not correct 
not clear 
-1-
-2-:-3-:-4-
-2-:-3-:-4-
-2-:-3-:-4-
-2-:-3-:-4-
complete 
comprehensive 
correct 
clear 
b. The report requires the following Improvements: 
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PROBLEM(S) FORMULATION 
3. a. The formulation of the problem(s) Is: 
Incomplete -1-
not comprehensive -1-
not correct -1-
not clear -1-
-2-:-3-:-4- comp Iete 
-2-:-3-:-4- comprehensive 
-2-:-3-:-4- correct 
-2-:-3-:-4- clear 
b. I have the following comment on the problem formulation: 
4. a. The critique of the problem(s) formulation Is: 
Incomplete -1-
not comprehensive -1-
not correct -1-
not clear -1-
-2-:-3-:-4-
-2-:-3-:-4-
-2-:-3-:-4-
-2-:-3-:-4-
compIete 
comprehensive 
correct 
clear 
b. Comment on the described critique: 
TREATMENT ALTERNATIVE(S) 
5. a. The enumeration of treatment alternative(s) Is: 
i ncomp I ete -1 -
not comprehensive -1-
not correct -1 -
not clear -1-
2-:-3-:-4-
-2-:-3-:-4-
-2-:-3-:-4-
-2-:-3-:-4-
complete 
comprenons I ve 
correct 
clear 
b. Comment: 
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CHOSEN ALTERNATIVE(S) 
6. a. The enumeration of the chosen aIternatlve(s) Is: 
Incomplete -1-
not comprehensive -1-
nor correct -1-
not clear -1-
b. Comment: 
-2-:-3-:-4- complete 
-2-:-3-:-4- comprehensive 
-2-:-3-:-4- correct 
-2-:-3-:-4- clear 
7. a. The Justification of the chosen al ternative(s) Is: 
Incomplete -1-
not comprehensive -1-
not correct -1 • 
not clear -1-
b. Comment: 
-2-:-3-:-4- complete 
-2-:-3-:-4- comprehensive 
-2-:-3-:-4- correct 
-2-:-3-:-4- clear 
TREATMENT PLAN 
8. a. Is the sequence of planned treatments a logical one? 
1. No, the sequence Is un log lea I. 
2. No, major changes are required. 
3. Yes, but minor changes are required. 
4. Yes, I agree with the sequence. 
b. Comment: 
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9. a. Is the estimate of the treatment time acceptable: 
1. No, the estimate Is unacceptable. 
2. No, major changes are required. 
3. Yes, but minor changes are required. 
4. Yes, I agree with the estimate. 
b. Comment: 
10. a. Is the estimate of the treatment costs acceptable: 
1. No, the estimate Is unacceptable. 
2. No, major changes are required. 
3. Yes, but but minor changes are required. 
4. Yes, I agree with the estimate. 
b. Comment: 
GLOBAL EVALUATION 
11. a. To me the treatment plan as a whole Is: 
1 ηcomp 1ete 
not comprehensive 
not correct 
not clear 
not systematic 
1naccurate 
-1-
-1-
-1-
-1-
-1-
-2-
-2-
-2-
-2-
-2-
-3-:-4-
-3-:-4-
-3-:-4-
-3-:-4-
-3-:-4-
comp1ete 
comprehensive 
correct 
clear 
systematic 
accurate 
b. Comment: 
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12. a· On a four point scale I would rate the whole treatment 
plan with a: 
-1-:-2-:-3-:-4-
b. General comment: 
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A P P E N D I X 2 
D E S C R I P T I O N OF THE E V A L U A T I O N C R I T E R I A 
1 . Completeness 
A rater evaluates to what extent the report on an aspect Is 
complete. 
2. Comprehensiveness 
A rater evaluates to what extent the report on an aspect Is 
comprehensive. 
3. OualIty 
A rater evaluates to what extent the report on an aspect Is 
correct. 
4. Clearness 
A rater evaluates to what extent the report on an aspect Is 
с lear. 
5. Systematlcs 
A rater evaluates to what extent the treatment plan Is 
constructed systematically. 
6. Accurateness 
A rater evaluates to what extent the treatment plan Is 
constructed accurately. 
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CHAPTER 2. DEVELOPMENT OF A MODEL FOR SOLVING 
DENTAL PROBLEMS 
2 . 1 . Introduction 
Until recently t reatment planning played a minor role In 
dentistry and dental education. One of the f i r s t publications 
acknowledging the need for education In treatment planning, 
appeared In 1964 (Sosnow, 1964). Role playing was Indicated as 
the Instructional method of choice In teaching treatment 
planning. 
From 1970 the relationship between treatment planning and 
methods of examination and diagnosis has received considerable 
attention in the l i t e ra tu re . However, a review of the 
l i terature on this subject Indicates tha t the treatment plans 
simply listed the treatments that were to be accomplished. No 
attempt was made to Indicate the rationale for selecting 
various treatments. A description of the cognitive processes 
underlying the treatment plan was not described. Moreover the 
position of the procedures In the treatment sequence was vague 
and can only be presumed. In order to understand how the 
authors arr ived at their decisions the reader required prior 
experience In the subject area; student dentists generally lack 
this experience. 
Teaching students a process of thinking requires that this 
process be explicit ly delineated. The classical solving scheme 
often used In medical manuals (observation - aetiology -
di f ferent ial diagnosis - diagnosis - therapy - prognosis) does 
not describe cognitive processes. Instead, It specifies the 
Intermediate phases In the problem solving process. Students 
receive no specific Instructions for moving from one phase to 
another. 
In medicine and dentistry no two patients are Identical. The 
problems of patients are greatly var ied. Consequently each 
patient's problems must be solved Individually. In order to 
properly apply knowledge In a part icular situation physicians 
and dentists must constantly observe, analyse and solve medical 
and dental problems, respectively. Education In problem solving 
deserves an expl ic i t place In any medical and dental 
curr iculum, In the same manner as perceptual-motor, cognitive 
and affective education. 
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2.2. Problem formulation 
In contrast to the l i te ra ture concerning medical problem 
solving, l i t t le has been published In the area of dental 
problem solving. This was confirmed by Tromp (1976), who 
surveyed two leading dental periodicals, the Journal of Dental 
Education and the Journal of the American Dental Association. 
The attempt, made by the Curriculum Committee ('Club van zes', 
1973), to apply systematlcs In treatment planning as described 
In chapter 1, can be considered an Important step toward 
education In dental problem solving. From the Initiation of the 
newly designed curriculum there were a number of suggestions 
to alter the cycle (chapter 1, paragraph 1.1.) that kept 
education In treatment planning progressing. 
In 1975 an experiment was conducted among student dentists at 
the University of Amsterdam focussed on the solving method for 
a certain problem and the standard solutions. The use of the 
solving method led to favourable learning results and the 
students appreciated this course (Tromp, 1976), although a 
signif icant learning value could not be demonstrated. During 
following courses a learning value was established (Kersten et 
a l . , 1981a and Kersten et a l . , 1981b). However, this experiment 
does not c lar i fy whether the solving method was suitable for 
solving more than one problem or the systematic solution of 
Integrated dental problems. To be generally applicable a model 
must be useful In both of these conditions because a patient 
often has multiple and complex prolems. Additionally the 
solving method applied did not provide Instructions for 
determining the sequence In which problems should be solved. 
In view of the attempts made In Nijmegen (1973) and Amsterdam 
(1975), the problem addressed In this chapter Is as follows: 
" I s It possible to design a solving method which enables 
student dentists to solve Integrated dental problems by means 
of an expl ici t thinking process?" 
In the following paragraphs definitions of problem solving In 
general are provided. These can be of asslstence In describing 
the nature of dental problems and can also be used as an aid In 
the construction of an applicable method for solving dental 
problems. 
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2.3. An orientation to problem solving 
Problem solving Is considered a disciplinary p a r t of the 
curriculum at the Medical College of the McMaster University In 
Ontario, Canada and the Ri jksuniversiteit Limburg In The 
Netherlands. Medical education at the la t ter University can be 
regarded as problem directed. Implying t h a t students acquire 
knowledge by solving problems (Schmidt, 1979). 
Problem solving was defined by Fr i jda and Elshout (1976) as: 
" that specific cognitive act iv i ty ( I .e. Information processing 
activity) whereby a person t r i e s t o find a solution t o a 
problem. A problem can be defined as a situation, In which the 
person Is confronted with a task, a duty or a d i f f icul ty t o 
which he has no Immediate answer nor can he find an answer 
through an automatized series of actions". 
The two generally accepted methods for solving problems, 
algorithms and heuristics (or both al ternately), have been 
described by Van Рагг г п (1975) as follows: 
"The simplest form of an algorithm: If the problem has the 
characterist ics a1, a2, e t c . thus is of type A, then do p." If 
action ρ does not Immediately lead to the solution, more 
complicated algorithms are r e q u i r e d . ( In general It Is spoken 
of algorithms only In such cases). The algorithm f u r t h e r 
dictates for Instance: Do ρ and then q, or In other cases: Do ρ 
and check the situation arising within a limited amount of 
possibilities. The algorithm would f u r t h e r prescribe t o do q If 
situation В arises and to do r If situation С arises." 
Turning problem A Into one or more problems B, Is called 
problem transformat ion. 
Van Parreren continues: "Heuristics are also rules for the 
Induction of problem transformations. The general formulation 
of a heuristic Is: If a problem has a l , a2, etc. as charac­
ter ist ics and t h e r e f o r e is (or seems) of type A, then t r y p. 
Algorithms appoint the manner In which the contents of a 
discipline should be used unmistakably and completely. They 
guarantee finding a solution. 
Heuristics are less specific and complete, nor can they 
guarantee t h a t a solution will be found. They Improve the 
chance to find an acceptable solution (Van Parreren, 1975). 
The solution of problems composed of more than one constituent 
problem part, complex problems, can be aided by heuristics 
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(Mettes and Pilot, 1980). The various problem parts must be 
solved f i rs t In order to solve complex problems proper ly . 
Dental patients meet the definition of a complex problem, since 
most patients have more than one problem and no two dental 
patients are alike. Thus, a standardized solution cannot be 
applied unconditionally to the dental problems of a patient. 
These factors make It probable tha t dental problems can be 
solved with the use of heuristic procedures. The problem 
solver's experience In the subject area concerned Is an 
Important aspect of a heuristic approach. If experienced 
problem solvers are confronted with a complex problem, they 
often will not be able to completely unravel the thinking 
process tha t will lead to the solution. This phenomenon Is also 
observed In experienced dentists and Is an Important Indication 
for the use of heuristic solving methods In dentistry. 
Dental students must be considered unexperienced dental problem 
solvers and must obtain Instructions In using heuristic 
procedures and to gain experience In this f ie ld. Unfortunately 
the l i te ra ture suggests no method presently available to design 
heuristic solving methods (Mettes and Pilot, 1980). This Is 
also t rue for the design of a solving method, Intended for 
dental problems. 
2.4. Analysis of dental problems 
2 . 4 . 1 . The observation of a problem 
A patient can be regarded as (possessing) a complex problem. I t 
is self-evident that a problem, complex or simple, must be 
observed before I t can be solved. In the case of a complex 
problem, If all aspects of the complex problem are not 
observed, then unforeseen complications may occur when the 
solutions of problem parts conf l ic t with each other. The 
interactions between problem parts and their solutions make the 
analysis and solution of the complex problem more di f f icul t . 
For this reason a well defined data base to be used In 
observing problem parts during history and clinical examination 
Is already suggested (chapter 1, paragraph 1.3·)· I t was 
stressed that the data collection In these phases should be as 
complete as possible. 
Problems are recognized as such because the observer perceives 
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structures or processes in a patient's mouth and compares them 
to the available knowledge and experience. S/he Is capable of 
observing abnormalities through recognition (Fr i jda and 
Elshout, 1976). If s/he has suff ic ient knowledge of the 
observed abnormalities i t is possible to ini t iate the process 
of problem solving. Insuff icient knowledge necessitates 
gathering supplemental information to be able to conduct a 
thorough analysis of the problem and consequently recognize the 
abnormalities. Radiographs, examination of a biopsis or a 
consultation of a specialist are samples of a supplemental data 
base. 
OBSERVATION 
1 
defined 
data base 
\ 
1 
supplemental 
data base 
ECOGNITION m 
\ 
FINDINGS 
Figure 2 . 1 . Transformation of the observation phase. 
All observations result In one or more findings (problem 
identif ications). The nature of the problem identif ication 
determines the order and sequence of solving the problem, i .e. 
which problems will be solved f i rs t , which second, etc . 
Figure 2 . 1 . depicts the transformation of the observation Into 
more specific part ial processes. 
2.4.2. The solution of a problem; first transformation 
In order to obtain a clear view on the magnitude and s t ructure 
of a complex problem i t is necessary to transform a complex 
problem into two or more smaller problem parts which are easier 
to solve or which faci l i tate understanding the nature of the 
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complex problem. In this paragraph a f i r s t transformation of 
the problem solving process Is described. Paragraph 2.4.3. 
contains a second transformat ion. 
Once the number of problem parts have been observed the solving 
process can begin. In this process the sequence In which the 
problem parts should be solved Is Important. For example, a 
patient who suffers from a toothache, gingivitis and carles, 
must be relieved of the toothache f i r s t . The remainder of the 
problems can be solved at a later stage. The urgency of the 
problem parts determines their p r i o r i t y In the treatment 
sequence. 
Classified according to the sequence In which dental problems 
should be t r e a t e d , Rosenthal (1973), Manning (1980), B a r t l e t t 
and Berry (1980) and Balshl (1981) distinguish between four 
categories or phases. Table 2 . 1 . provides a survey of the 
classification In phases as stated by these authors. 
This table Indicates t h a t all authors give f i r s t p r i o r i t y t o 
complaints and t o emergency cases. Balshl Incorporates a number 
of additional activit ies In his f i r s t phase, which partly 
r e t u r n In the second phase. B a r t l e t t and Berry Introduce a 
limited treatment In phase one. This Is a treatment, which is 
Init iated whenever a patient has limited opportunities t o visit 
a dentist. 
Rosenthal, Manning and Bart lett/В г г у generally agree In 
reference to phase 2. In this phase aetlologlcal and 
pathological factors are eliminated or t r e a t e d . Balshl 
completes the remaining activit ies from phase 1. 
In phase 3 Balshl, Manning and B a r t l e t t / B e r r y plan extensive 
reconstruct ive therapy. Rosenthal et al. Introduce an Interim 
phase for a reor ientat ion on oral hygiene and in addition they 
classify the extensive reconstruct ive therapy In phase 4. The 
remaining authors classify maintenance and periodic review In 
this phase. 
The classification in phases by B a r t l e t t and Berry approximates 
very closely the tota l vision of the other authors. Therefore, 
the phase classification In this chapter will be based on the 
Ideas of B a r t l e t t and B e r r y . Their classification Is however 
modified with respect to the following aspects: 
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Table 2.1. Classification of Dental Problems In Four Phases by 
Four Authors. 
MANN ING BALSHI ROSENTHAL 
et al. 
BARTLETT/BERRY 
FASE 1 
-pal η rel leve 
-emergency 
-emergency 
-acute pathology 
-carles control 
-plaque control 
-endodontics 
-establishment of 
vertical dimension 
-orthodontics 
-provisional 
restorations 
-oral surgical 
procedures 
-emergency 
-diagnostic 
treatment 
-comp I a Int 
-emergency 
-diagnostic 
treatment 
-limited 
treatment 
FASE 2 
-removal and 
control of 
pathological 
factors 
-réévaluation of 
occluston 
-definitive perio-
dontal surgery 
-completion of en-
dodontic treatment 
-provisional 
restoration 
-evaluation of 
former treatment 
-elImlna-
of oral 
dlseases 
-stabilisa-
tion and 
restora-
tion of 
the denti-
tion 
-control of 
oral diseases 
•carles 
•perlodontitls 
.per i ар leal-
• endodontic 
problems 
-reorientation 
on oral hy­
giene 
FASE 3 
-Ideal treat­
ment 
-final resto­
ration 
-def I nltlve 
restorations 
•partial denture 
•crowns 
•bridges 
.spi 1nts 
-piaque 
-control 
further 
oral hy­
giene In­
struction 
-reconstructive 
treatment 
-periodontal 
surgery 
-orthodontl cs 
FASE 4 
-malntenance 
-recai I 
-maintenance 
• recai I 
•reorientation 
-corrective -maintenance 
surgery .reorientation 
-complex .adjustment of 
restorations oral hygiene 
-prosthodon- .remotivatlon 
tic proce- .recai I 
dures 
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- None of the authors consider the treatment or the Implica-
tions of possible existing health problems. Since these 
matters are relevant for any dental t reatment this type of 
problem Is considered a component of phase 1. 
- Bar t le t t and Berry 's "l imited t reatment" In phase 1 consists 
of solving the most urgent problems of a patient who has 
Insufficient time available for comprehensive care . For such 
limited treatment pr ior i t ies undoubtedly must be established. 
Init ial ly attention Is paid to complaints, followed by 
emergency problems and, f inal ly, If time permits, other 
problems may be addressed. Limited treatment covers one or 
more urgency c r i te r ia In phase 1. The time constraint only 
affects the number of problems which can be managed. All 
problems must be pr ior i t ized and thus, the cr i ter ion "limited 
treatment" will not be enclosed In phase 1 (Table 2 .2 . ) . 
- Bar t le t t and Berry suggest the elimination of gross premature 
occlusal contacts In phase 2. Premature occlusal contacts or 
Interferences can be eliminated only If they have been 
observed. However, Bar t le t t and Berry classify such 
abnormalities In phase 2; a phase In which a patient Is 
mainly examined for microbial problems like carles, 
gingivitis and endodontic or periapical Inflammations. Prior 
to t reat ing premature occlusal contacts a specific 
observation Is required and there fore It Is not logical to 
categorize this kind of problem In phase 2. Phase 3 seems 
more appropriate as reconstruct ive problems, like elimination 
of premature occlusal contacts, will be examined and t reated 
during that phase. Therefore, elimination of premature 
occlusal contacts has been t rans fer red to phase 3. If a 
prematurity Is a cause of complaint It must be considered In 
phase 1 . 
Table 2.2. classifies problems, based upon pr ior i ty , and 
modified from Bar t le t t and B e r r y . 
The table demonstrates the urgency c r i te r ia , the phases In 
which they are classified and the pr io r i t y assigned. To stress 
the problem-oriented approach names of treatment techniques 
( I .e. 'orthodontics') were replaced by the names of the actual 
problems ( I .e. 'orthodontic problems'). 
The problems In phase 1 are called Immediate problems. Phase 2 
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Table 2.2. Classification of Problems According t o the Urgency 
With Which They Should Be Solved. 
URGENCY CRITERIA PHASE PRIORITY 
general health 
comp I alnt 
emergency cases 
diagnostic uncertainty 
Immediate problems 
carles 
Periodont Iti s 
periapical problems 
endodontic problems 
microbial problems 
chronic periodontitis 
occlusal problems 
articulation problems 
orthodontic problems 
resistance of tooth 
material 
reconstructive problems 
reorientation 
remoti vat Ion 
adjustment 
per I od 1с rev Iew 
maintenance problems 
problems are called microbial problems, phase 3 represents 
reconstruct ive problems and phase 4 problems are maintenance 
problems. 
2 . 4 . 2 . 1 . Immediate problems 
The following problems are problems which should receive high 
p r i o r i t y : health problems, specific complalnt(s), emergency 
problems and problems of diagnostic uncertainty. 
In certain situations dental t reatment can af fect the general 
health of a patient adversely. For example, bacterlaemla 
occurlng after tooth extract ion may cause Inflammmatlon of the 
cardiac valves In patients with a history of rheumatic f e v e r . 
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The Influence of X-rays on a fetus Is another example. 
Conversely, a patient's health problem may Influence the 
outcome of a dental t reatment. Examples In this respect are 
clott ing disorders which necessitates a dentist to suture the 
wound after tooth extract ion or drug allergy that forces the 
selection of an alternative drug. 
A dentist must pay attention to the complaint that precipitates 
a patient's visit immediately, but the complaint cannot always 
be solved at once. If a patient complains; " I have a 
toothache", the problem can be f u r t h e r analysed and 
subsequently solved. However, If a patient complains; " I can 
not chew proper ly" , It Is not always possible to solve the 
problem immediately. As an example, construction of a part ial 
denture requires examination and treatment of the remaining 
t e e t h . 
Emergency cases are those problems which can cause complica­
tions to a patient's (dental) health on short notice. Examples 
of this type of problem are a lesion approximating the pulp but 
asymptomatic, or a leukoplakia In the buccal mucosa. Both 
problems can remain unobserved by a patient but will dictate 
prompt act ion. 
The last of the Immediate problems are the problems of diag­
nostic uncertainty. These are problems which have to be solved 
before underlying problems can be observed and recognized 
p r o p e r l y . Calculus, for Instance, has to be removed before a 
periodontal status can be recorded and an old crown has t o be 
removed t o determine the progress of r e c u r r e n t carles. I η these 
and similar circumstances, treatment Is required to establish 
the nature of the problem. 
2.4.2.2. Microbial problems 
Problems of bacterial origin receive second p r i o r i t y In the 
urgency classification of t reatment. This category consists of 
those problems where microflora cause or support an Inflam­
mation In the oral cav i ty . In this phase of treatment the 
dentist eliminates the Inflammation or attempts to bring the 
Inflammatory processes under control t o Inhibit f u r t h e r de­
t e r i o r a t i o n . 
Carles Is one of the most prevalent problems t o be solved in 
this phase. A cavity can be eliminated (restoration or 
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extract ion) or the carles process can be Inhibited (dietary 
advice, f luor ide advice or antl-mlcroblal therapy) . 
In this phase periodontal Inflammation should also be 
addressed. I f I t Is Impossible to t r e a t periodontit is In the 
sense to fully eliminate the problem (for Instance In case of 
deep pockets) then one should t r y to control the inflammatory 
process In this phase by concentrating on the acute symptoms 
and making preparations for reconstruct ive therapy of the 
chronic processes In phase 3. Problems In the area of 
endodontics such as periapical radlolucencles and nonvitallty 
also require to be addressed In phase 2. 
2.4.2.3. Reconstructive problems 
The main objective of phase 3 Is the reconstruction of lost 
function. This concerns the reconstruction of a part of the 
dental arches. 
Reconstructive t reatment of the periodontium is accomplished by 
means of periodontal surgery such as a glnglvectomy, flap 
operation or transplantation of the mucosa. In addition 
occlusion, ar t iculat ion, tooth alignment and tooth resistance 
are examined and subsequently t reated to restore funct ion. In 
this Instance tooth resistance refers to the resistance of 
tooth material to a functional load. In case of Insufficient 
resistance of the cusps to the chewing force, cast restorat ions 
can be fabr icated. 
2.4.2.4. Maintenance problems 
The last t reatment phase Is maintenance. Even though It does 
not Imply typical perceptual-motor actions, It Is designated a 
treatment phase because a number of problems must be ' t rea ted ' 
I.e. solved following the completion of treatment In other 
phases. To maintain good oral health It Is Important for 
patients to be familiar with the condition of thei r teeth and 
supporting tissues In order to remotlvate them to develop good 
oral hygiene. Patient remotlvatlon Is a phase 4 act iv i ty . If 
the patient's oral hygiene deteriorates, reor ientat ion on the 
original problems can establish Improvement. Whenever 
remarkable changes In a patient's dentition occur, like after a 
reconstruct ive treatment, the brushing method may need to be 
modified. This Is self-evident In the sense of periodontal 
surgery which requires specific maintenance, but also after 
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cementation of a bridge the surrounding tissues need special 
attent ion. 
2.4.2.5. The link between problem observation and problem 
solving 
As described earl ier a patient's problems are observed, 
classified and t reated according to the i r urgency. In order to 
gain an Impression of the tota l number of problems present, 
which In fact re fers to the comprehensiveness of the complex 
problem, the observation phase should be complete. Only then 
can a dentist make an Informed decision concerning the urgency 
phase at which treatment planning should begin. When a certain 
phase has been selected It Is recommended to review the 
observation referencing the urgency c r i te r ia of the part icular 
phase chosen, for If problems remain unnoticed In this phase 
complications In a consecutive phase may result. For instance, 
during observation In phase 2 a dentist might overlook a non-
vital tooth which would result In complications for the 
treatment In phase 3 If a crown on this very tooth Is planned. 
This situation was avoidable by examining specifically the 
vi tal i ty of (suspected) teeth In phase 2. This Implies that the 
dentist observes selectively from phase 1 to phase 4 by means 
of cues such as those In Table 2.2. 
In phase 1 a selective search Is conducted for problems 
concerning general health, causes of complaints, emergency 
problems and diagnostic problems. The dentist In this phase 
does observe problems of another phase such as carles, pockets, 
etc. Yet these problems will be lef t unsolved, especially If 
the solutions of problems In a part icular phase can change the 
problem situation In a following phase. Treatment should be 
planned as far as It Is reasonable from the existing data base. 
Thus, It Is necessary to repeat observations at the beginning 
of each treatment phase. 
2.4.2.6. Summary of the f i r s t transformation 
The results of the f i r s t transformation of the complex problem 
(the dental state of a patient's dentition) Is summarized as 
follows (Figure 2 .2 . ) . 
1. An observation phase precedes each phase of problem solving. 
2. The observation of problems Is directed by cues (urgency 
c r i t e r i a ) . Together the urgency c r i te r ia account for all 
dental problems. 
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COMPLEX PROBLEM 
1 
PHASE 4 
maintenance 
problems 
PHASE 3 
reconstructive 
problems 
O B S E R V A T I O N 
У \ 
PHASE 1 
immediate 
problems 
PHASE 2 
microbial 
problems 
Figure 2.2. Transformation of the complex problem; the urgency 
model. 
3. Problems are classified according to their urgency. 
4. Problems are solved, beginning with the most urgent ones and 
ending with the least urgent. 
The results of this f i r s t transformation will be referenced as 
the "urgency model". 
Remark: 
The word "phase" might suggest deceptively t h a t in treatment 
planning all phases must be passed through consecutively which 
is not a necessity. For this reason and because of the frequent 
use of the term "intermediate phase" in the next paragraph, the 
word "phase" as mentioned previously will be replaced by the 
word " l e v e l " . 
2.4.3. The solution of a problem; second transformation 
The urgency model, described above, indicates which problems 
must be solved at each level. I t does not indicate how problems 
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should be solved or what thinking process must underly the act 
of problem solving. The urgency model should therefore be 
transformed fu r the r . In this paragraph a second transformation 
will be described. 
The urgency model has four levels of urgency (Figure 2.2.) : 
Immediate problems, microbial problems, reconstruct ive problems 
and problems of maintenance. The processes which underly the 
solution of problems at each of the four levels, will now be 
explicated. 
I t Is possible to use the existing thinking models which have 
been designed for other scientif ic disciplines to describe a 
thinking process specifically for solving dental problems. De 
Groot (1971) asserts that In science there Is a specific 
methodology for solving problems In which build-in feedback 
mechanisms force a problem solver to review former thoughts and 
acts, resulting In a cyclic problem solving process. The 
solving process Is fed back at Intermediate phases In the 
process. To faci l i tate the expl ic i t description of a thinking 
process, like the process of problem solving, some of these 
Intermediate phases can be defined and Introduced In this 
process. 
Van den Brlel and Plasschaert (1977) distinguish ten 
Intermediate phases In their dental problem solving cycle. 
Tromp (1976) confines himself to four Intermediate phases. In 
both cycles the thinking process - How do I get from one 
Intermediate phase to another? - remains Implicit Instead of 
expl ic i t . If a problem solving model does not aid the student 
the opportunity to develop a thinking process, the number of 
Intermediate phases seems unimportant. 
The thinking process. Including moving from one Intermediate 
phase to another, can be guided by thinking rules (Van 
Parreren, 1975). Thinking rules are Independent of disciplinary 
content and the nature of the problems. They attempt to d i rect 
thoughts by describing a specific thinking act. At this stage 
of the problem solving process, a thinking rule Instructs the 
problem solver how to proceed. Because of the prescript ive 
nature It Is more concrete to speak of problem solving 
Instruction Instead of thinking ru le . This term Indicates the 
Involvement with an educational process. 
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Table 2.3. Intermediate Phases and Solving Instructions In a 
Dental Problem Solving Process. 
SOLVING INSTRUCTION INTERMEDIATE PHASE 
a. translate the findings Into a final 
goal(s), regarding this level's problems 
b. select all problems, found during 
observation with regard to this level 
с categorize all problems In the follow­
ing problem fields: CARIology, PERio-
dontology, RELatlon and ORal Surgery 
d. generate all treatment alternatives 
which can be considered for the 
observed problems on this level 
e. analyse the treatment alternatives and 
choose the best alternative 
f. justify the choices and place the 
chosen alternatives In a logical 
sequence 
g. criticize the tentative treatment 
sequence by Incorporating (self-) 
crltlque 
h. adjust the definitive treatment 
sequence by Incorporating the 
patient's wishes 
I. conduct treatment by applying the 
chosen alternatives and In conformity 
with the treatment sequence 
j. evaluate the treatment results by 
relating them to the final goal 
f ina l goal 
problem l i s t 
categorized problem 
l i s t 
treatment al terna­
t ives 
chosen alternat ives 
tentat ive treatment 
sequence 
d e f i n i t i v e t r e a t ­
ment sequence 
adjusted treatment 
sequence 
treatment results 
The number of Intermediate phases In a problem solving process 
(which In fact Is a thinking process) depends on the number of 
thinking acts and consequently on the number of solving 
Instructions necessary t o define the transit ion from one 
Intermediate phase to another as clearly as possible. Table 
2.3. Indicates ten solving Instructions for dental problems 
together with a description of nine intermediate phases. 
Figure 2.3. I l lustrates the cyclic nature of problem solving. 
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The arrows In this cyclic problem solving model represent the 
thinking acts which connect the Intermediate phases. These 
thinking acts can be described by the solving Instructions. In 
the following description the solving Instructions are placed 
between quotation-marks and the Inter mediate phases are printed 
in capitals. 
Figure 2.3. Representation of a dental problem solving process 
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1. "Translate the findings Into a final goal(s) regarding this 
level's problems" results In FINAL GOAL. (This term will be 
replaced by LEVEL GOAL; see chapter 6, paragraph 6.4.4.1.) 
The findings provide the problem solver with an Indication 
of the nature of the problems. The final goal re fers to a 
patient's situation after the problems at one level have 
been resolved. The definition of the final goal Is based 
upon the urgency c r i te r ia of that part icular level. The 
problem solver Indicates what s/he wants to achieve by 
his/her t reatment . 
2. "Select all problems found during observation with regard to 
this level" results In a PROBLEM L IST. The student Is to 
succlntly write down the problems In the observed sequence. 
3. "Categorize all problems In the following problem fields: 
CARIology, PE Riodontology, RELation between lower jaw and 
upper Jaw, and ORal Surgery" results In CATEGORIZED 
PROBLEM LI ST. 
These four problem areas were described by Van den Brlel and 
Plasschaert (1977) and have been employed In the teaching 
program at the dental college of the University of Nijmegen 
since 1975. Recently a f i f th problem field was Introduced: 
COMmunlty. This new problem field holds a patient's socio-
economic and personal problems 
This solving Instruction stimulates students to search for 
character ist ics which problems may have In common. This can 
Improve the overview of all the patient's existing dental 
problems and Initiates pr ior i t izat ion of problem parts In 
the treatment sequence. 
4. "Generate all t reatment alternatives which can be considered 
for the observed problems" results In TREATMENT 
ALTERNAT IVES. 
For each problem all t reatment alternatives must be 
enumerated. Students will generate alternatives using the i r 
theoret ical knowledge and the experience they have gained. 
5. "Analyse the treatment alternatives and choose the best" 
results In CHOSEN ALTERNATIVES. 
The problem solver must often weigh one t reatment 
alternative against another. S/he takes the advantages and 
disadvantages of each alternat ive Into consideration. 
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6. "Justify the chosen alternatives and place them In a logical 
sequence" results In TENTATIVE TREATMENT SEQUENCE. 
If the problem solver has chosen acceptable alternatives for 
the various problems, the choices must be Justified and 
placed In a logical sequence. This activi ty forces a student 
to verbally conduct the underlying thinking process. The 
word ' tentat ive ' Indicates tha t the treatment sequence can 
be al tered. 
7. "Cr i t ic ize the tentat ive treatment sequence by Incorporating 
(se l f - )c r l t lque" results In DEFINITIVE TREATMENT 
SEQUENCE. 
This Implies that students must review and evaluate their 
own work and make correct ions, If necessary. At this point 
In the problem solving process the plan may be submitted to 
a member of faculty (preceptor ) . The cr i t ica l remarks 
generated by the preceptor can be used to alter the existing 
plan and develop the definit ive treatment sequence. 
8. "Adjust the definit ive t reatment sequence by consulting the 
patient" results In ADJUSTED TREATMENT SEQUENCE. 
The plan Is submitted to the patient In the form of a case 
presentation. The student will provide the patient with the 
treatment plan and the rationale underlying the plan. The 
results of this discussion will be recorded at this 
Intermediate phase of the t reatment plan. 
9. "Conduct t reatment by applying the chosen alternatives and 
In conformity with the t reatment sequence" results In 
TREATMENT RESULTS. Actually this Is not a solving 
Instruction for a thinking act but an Instruction to execute 
a complex of perceptual-motor actions. The treatment plan Is 
accomplished and the results achieved. 
10 "Evaluate the treatment results by relat ing them to the 
final goal" results In a new problem situation If all 
problem parts have not been resolved or If new problems 
arise from the performed t reatment . The new problem 
situation Is the star t ing-point for the next problem solving 
process which begins with the observation of problems at 
another level. 
After completing a t reatment level all problems of specific 
urgency have been solved. The end of one problem solving 
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process leads to the observation phase of another urgency level 
so the problem solver can then concentrate on the remaining 
unsolved problems. This suggests that there Is no exit from the 
model for a patient. Patients will stay Involved In the process 
of observation and problem solving permanently although It Is 
considered possible that a period of half a year or more may 
elapse between the completion of a level and a recal l for 
renewed observation. This 'closed' procedure assures the 
continuity of t reatment . 
The problem solving cycle can be used In all four solving 
phases (levels) of the urgency model. The problems at level 1 
and 4 In most cases will be resolved In the presence of the 
patient so s/he will be able to Imply his/her wishes 
Immediately. The problems at these levels are often rather 
simple (problems of maintenance) or are few In number 
(Immediate problems) which might suggest that the problem 
solving process should be simplified by the elimination of some 
Intermediate phases and subsequent solving Instructions. 
However, this will not alter the problem solving process. The 
thinking act 'categorize In problem fields' can be omitted 
because of the small number of problems while the thinking acts 
' just i fy ' , ' c r i t i c i ze ' and 'adjust' can be performed 
successively without Intermediate phases. 
These abbrevlatons In the problem solving route will lead to a 
more effect ive resolution of the problem (see also paragraph 
3.1.) . 
2.5. Synthesis of a problem solving model 
By analysing the complex processes of observation and problem 
solving In dentistry, various segments of the problem solving 
process were described expl ic i t ly . Although the problem solving 
process Is composed of segments, the coherence of the ent i re 
process Is essential. The synthesis of a solving model which 
covers all segments proceeds from the urgency model ( f ig . 
2 .2 . ) . In this model the term "observat ion" can be replaced by 
the observation process as Is I l lustrated In Figure 2 . 1 . 
The treatment phases In the urgency model (immediate problems, 
microbial problems, etc.) can be replaced by the solving 
process (Figure 2 .3 . ) . In order to ensure a permanent 
Interaction between problem observation and problem solving 
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(paragraph 2.4.3.) , the process of problem observation passes 
Into the problem solving process; the lat ter again passes Into 
observation. In the urgency model this permanent Interaction 
can be achieved by connecting the last Intermediate phase of 
the solving process with the observation. In this manner the 
urgency model Is transformed Into a newly synthesized model, 
r e fe r red to as the Problem Solving Model (PSM). This model Is 
shown In Figure 2.4. 
2.6. Discussion 
The formulation of the problem addressed in this chapter was 
encountered by transforming the complex problem Into problem 
parts about which more knowledge Is available (paragraph 2.2 . ) . 
A tota l of two transformations were completed. After obtaining 
solutions for the problem parts, the solutions for these 
part ia l problems were Integrated and the problem solving model 
resulted. This procedure may cause e r ro r s at those places In 
the problem solving model where the part ia l solutions ( I .e. 
observation phase and solving process) Join together. 
Unraveling the complex problem and Integrating the partial 
solutions are presumed to have a positive Influence on the 
final product which Is the problem solving model. The value of 
the PSM to student dentists as a tool which facil i tates the 
learning of problem solving has not been determined. To test 
the model's value to student dentists, a course In treatment 
planning In which the problem solving model Is taught must be 
developed. From such a course Information on the model's 
quality can be derived. However, before a course In treament 
planning Is designed. I t must be clear how the problem solving 
model will be used In a system of t reatment planning. Such a 
system comprises the whole of requirements, actions. 
Instructions, educational means, etc. , that students use to 
construct a treatment plan. The pilot study (chapter 1) 
concluded that a defined data base for history and clinical 
examination should be Inserted In the system. Furthermore the 
pilot study concluded tha t the evaluation of treatment plans 
must be Improved. Therefore, the design of evaluation c r i te r ia 
(chapter 3) and treatment planning forms (chapter 4) will be 
addressed before an experimental course In treatment planning 
can be Ini t iated. 
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CHAPTER 3. THE P R O B L E M SOLV ING MODEL AS A BAS IS FOR 
ORIENTATION IN DENTAL EDUCATION 
The Problem Solving Model (PSM) described In chapter 2 Is a 
guide to the clinical problem solving process. I t Is possible 
to solve complex problems with the help of the Intermediate 
phases and the processes In the model. The Problem Solving 
Model Is designed for application In dental education In which 
students are to acquire problem solving skills. 
In this chapter the choice of the learning theory which 
underlies the teaching of the PSM will be defended. In 
addition, the requirements which the PSM should fu l f i l l 
according to this learning theory will be discussed. 
3.1. The choice of an educational learning theory 
The choice of a learning theory determines the manner In which 
students are Instructed In the acquisition of problem solving 
skills. Because the choice of a learning theory Is central to 
the choice of an Instructional strategy, a comprehensive review 
of the cur ren t learning theories Is desirable. This procedure 
was completed by Mettes and Pilot (1980) In Investigating 
problem solving processes In thermo-dynamlcs. They concluded 
that Gal'perln's learning theory, which was modified to some 
extent, was best suited for students learning problem solving 
In thermo-dynamlcs. 
Gal'perln's learning theory is also applicable In teaching 
students to solve dental problems. Other teaching theories will 
not be considered, not because they are less valuable or less 
suitable for solving dental problems, but because a complete 
review of all cu r ren t learning theories within this 
Investigation would be a repetit ion of what was completed by 
Mettes and Pilot (page 29-33). 
The following arguments support the choice of Gal'perln's 
learning theory . 
- Gal'perln's theory Is suited for learning complex thinking 
processes like solving problems In thermo-dynamlcs (Mettes 
and Pilot, 1980). Dental problems can also be defined as 
complex problems (chapter 2, paragraph 2 .3 . ) . I t may 
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t h e r e f o r e be assumed t h a t dental problem solving requires 
complex thinking actions. 
- Although Gal'perln's theory was tested by conducting 
educational research with primary school chi ldren. Mettes and 
Pilot concluded t h a t the theory also establishes good 
learning results If applied to university students. 
- Gal'perln's theory Is based on concrete actions or movements 
which faci l i tate the application of the theory In education. 
I t supplies specific data for the construction of a course. 
As a result Gal'perln's theory can be character ized as a 
prescript ive learning theory. 
- The main disadvantages of Gal'perln's theory are that It 
falls to describe the course of the actual thinking process 
nor does It describe the distinguishable problem solving 
activ it ies. By blending the PS M with the theory, these 
disadvantages can part ial ly be addressed since the PS M was 
based on the actual mental processes (chapter 2) . Therefore, 
the PS M can be regarded a descriptive model. 
According to Gal'perln's theory a learning process proceeds .In 
f ive phases. These are (Talyzlna, 1980): 
1. The orientation phase 
During this phase In the learning process the student Is 
confronted with the goal s/he Is desirous of accomplishing, 
and the manner In which the acts should be conducted. 
2. The phase of the material acts or the materialized acts 
The acts are completed comprehensively using material aids 
or abstractions represented by material matters. This 
permits supervision and consequently c o r r e c t i o n of the 
CQurse of acts ( I .e. the succession of acts). In this phase 
the exact order In which the acts are to be conducted Is 
stressed. 
3. The verbal phase 
The student now performs the acts using words (In thinking 
aloud or In writing) without material aids. 
4. The phase of the non-verbal performance of the acts 
This phase Is similar to the previously mentioned phase 
except t h a t students exercise the acts non-verbally. They do 
no longer think aloud, nor write thoughts down. During ι his 
phase the f i r s t abbreviations of the thinking process are 
Introduced In the course of the acts; part ia l , less 
essential acts will be omitted. 
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5. The mental phase 
The acts are completed Internally (to oneself) and have been 
abbreviated to an ultimate extent. The course of acts 
proceeds automatically Implying that the acts are performed 
rout inely. 
According to Gal'perln's theory, the PS M can be regarded as a 
basis for or ientat ion. A basis for orientat ion can be defined 
as the tota l number of conditions t o be met before an act can 
be performed. Examples of these conditions are the statement of 
the goal of the act, the object of the act (e.g. problem 
solving), the required aids ( e . g . the Intermediate phases), 
etc. The basis for or ientat ion has a t r i p a r t i t e goal. First, 
the basis may serve as an Instrument with which students can 
orientate themselves to a problem. Second, It can be used by 
both students and teachers to provide feedback. Furthermore, 
the teacher can use the basis for orientat ion as a guide to 
assess the quality of the problem solving acts performed by 
students. The abilities of the Ρ S M t o accomplish these three 
basic functions In a treatment planning course will be reviewed 
In the next paragraphs. If the realization of these functions 
needs Improvement, suitable aids will be developed. 
3.2. The PSM as a basis for or ientat ion 
A basis for orientat ion Is complete If It provides ful l 
orientation to the problems which are to be solved. Mettes and 
Pilot remark: "What a basis for orientat ion should contain to 
be complete depends on the nature of the acts to be learned, 
and the requirements like effectiveness and generallzablllty 
which the final learning results should meet". 
These requirements can be expressed In educational objectives. 
In global terms, the objective of a course In treatment 
planning could be: " I f a student dentist Is assigned a randomly 
selected patient, s/he will be able to solve present problems 
adequately and In the c o r r e c t sequence and r e c o r d the results 
of the problem solving process on paper". 
This objective contains several aspects which the PSM must 
consider when orientation Is Involved as a function of the PSM. 
The statement "a student Is assigned a randomly selected 
patient" Implies t h a t the PSM should be generally applicable to 
all patients. If the PSM does not meet this requirement 
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students may gain an I n c o r r e c t orientation t o the problem 
situation. 
Whether the PS M can be applied In all situations cannot be 
answered simply. In constructing the PS M a main objective was 
solving Interdiscipl inary problems In phases. Yet, combinations 
of problems can occur which the application of the PS M does not 
satisfactori ly solve. Because of the large number of possible 
abnormalities of the teeth, the gingiva and mucosa, the number 
of combinations of problems cannot be predicted. Hence, the 
requirement regarding the generallzlbl l lty of the model cannot 
be determined until the model has been tested extensively In 
pract ical circumstances. 
The objective of a course In treatment planning Includes a 
second requlrementthe Ρ S M should meet. This requirement refers 
to the extent to which the PSM results In acceptable solutions, 
arranged In an appropriate treatment sequence. Does the PSM 
generally lead t o appropriate solutions or can deviations and 
Incorrect solutions result from an Insufficient orientation? 
Some Intermediate phases or solving Instructions In the model 
provide a clear or ientat ion. For example, the solving 
Instruction "Categorize all problems Into the following problem 
fields: CAR, PER, REL and ORS" Is a clear Instruct ion. No other 
problem fields are o f f e r e d . Therefore, a problem solver 
receives a complete orientation at this point In the solving 
process. 
The solving Instruction "Generate all t reatment alternatives 
that can be considered for the observed problems" serves as an 
example of an Incomplete or ientat ion. Since the number of 
appropriate t reatment alternatives Is unknown, no orientation 
t o all these treatment alternatives can be supplied. At this 
point In the problem solving process a problem solver can 
deviate from a c o r r e c t solving route. 
In choosing treatment alternatives (thinking act E) fai lures 
can be Introduced In the solving process which would result In 
an Inadequate solution of the problem. 
I t can be concluded t h a t the PSM does not provide a full 
orientation t o the problem solving process. The thinking acts 
"generate" and "analyse/choose" display the most serious 
Imperfections. In chapter 6 (paragraph 6.4.4.2.) f u r t h e r 
attention will be directed t o this matter. 
chapter 3 65 
Other thinking acts provide a complete or ientat ion to the 
subsequent Intermediate phases. Consequently, there Is no need 
to design aids to establish a better or ientat ion for these. 
The th i rd requirement to be adressed to the basis for 
orientation and which can be derived from the main object ive of 
a course In t reatment planning Is the ability of a student to 
record the results of the problem solving pi ocess. In 
Gal'perln's learning theory this phase (phase 3) follows the 
orientation phase. However, a link between problem solving and 
treatment planning can already be Introduced during the 
orientation phase. A treatment plan can be regarded as a 
written repor t of the solving process and Its results. I t Is 
conceivable tha t the PS M will be depicted In detail 
(materialized) on the t reatment planning forms to be employed. 
The planning form Itself may there fore provide an orientation 
to the learning process of problem solving. This suggestion 
will be elaborated upon In chapter 4 (paragraph 4 .4 . ) . 
3.3. The PSM as an Instrument for feedback 
Feedback Is an educational process to Improve a student's 
performance. In this chapter the term specifically re fers to 
"pract icable feedback". This refinement Indicates that the 
Information on the performance has a significant, pract ical 
value for the performer. Buls (1978) defines practicable 
feedback as "a way to provide Information, whereby the 
information receiver acquires information with regard to 
his/her own performance or with regard to the state of af fa irs, 
for which s/he Is (part ia l ly) responsible. The Information Is 
provided In such manner tha t the deviation in size and 
direction of a performance from an explicit ly defined 
performance standard Is visualized. In addition the Information 
Is to be supplied at such moment that correct ion of the 
performance, If necessary, Is physically possible". 
A standard (cr i ter ion) can be of an internal or an external 
nature (Meuwese, 1973). An internal c r i te r ion is formulated by 
the pupil (student, problem solver, etc.) and Is an implicit 
par t of the educational process. 
External standards proceed from the goal that must be achieved 
(Bloom, 1971) and re fer to the educational result, not to the 
educational process. To design a feedback mechanism which Is 
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directed toward the goal It Is essential tha t feedback is based 
on external c r i t e r i a . Feedback based on internal c r i te r ia 
should be considered as supplemental. 
3 . 3 . 1 . Feedback mechanisms in the PSM 
An intermediate phase In the PSM is the result of a thinking 
act (paragraph 2.4.3.) , while t reatment results proceed from a 
complete solving process. The results of a solving process, for 
instance, solving all microbial problems (level 2), are 
actually an accumulation of several results of thinking acts. 
Consequently, feedback to the result of a solving process is of 
a higher order than feedback to a thinking act . Three degrees 
of feedback can there fore be distinguished. 
- Feedback concerning the results of the complete solving 
process, I.e. the t reatment results. 
- Feedback concerning the result of two or more thinking acts. 
- Feedback concerning the result of one thinking act. 
Figure 3 . 1 . Feedback mechanisms In the PSM 
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The Ρ S M provides feedback t o the result of the complete solving 
problem by conducting the thinking act "evaluate"; evaluate the 
treatment results by relat ing them t o the final goal (Figure 
3 . 1 . , arrow 1 ). 
Before the problem solver completes the cycle, the treatment 
results will be compared with Internal standards formulated by 
the problem solver ( I .e. the description of the final goal). As 
the problem solver describes the goals of t reatment more 
accurately, a more precise evaluation and more d i r e c t feedback 
will result . If the precision of the Internal standards 
diminishes, the quality of this feedback will diminish. In this 
regard a teacher may wish to formulate a final goal t o create 
an external standard, but In dentistry I t Is Impossible t o 
formulate detailed final goals which can serve as external 
standards beforehand since treatment goals are d i f f e r e n t for 
each Individual. Because feedback concerning treatment results 
has l i t t le c o r r e c t i v e value for the results already obtained 
(dental treatments are often I rreversible and t h e r e f o r e 
feedback Is physically Impossible) other types of feedback are 
r e q u i r e d . 
Through feedback concerning the results of two or more thinking 
acts, It Is possible to evaluate larger parts of the ent ire 
solving process so e r r o r s or Imperfections can be discovered 
sooner. This leads to a more effect ive feedback. Two of these 
feedback mechanisms can be Introduced Into the PS M (Figure 
3 . 1 . , arrows 2 and 3). 
1. Feedback on the tentat ive treatment sequence as a result of 
the thinking acts "analyse/choose" (E) and "Justify" (F) . 
Thinking act E enables the problem solver to choose the best 
a l ternat ive. During thinking act F, problem solvers adduce 
arguments to Justify their choice. If they should find no 
arguments (or merely inadequate arguments) In favour of 
their choice, they might consider an other alternative and 
decide to go back two thinking acts. Arrow 2 in Figure 3.1 . 
proceeds from thinking act F because the Intermediate phase 
' tentat ive treatment sequence' Is not yet reached. 
2. Feedback of the definit ive treatment sequence as a result of 
the thinking acts "analyse/choose" (E), "Justify" 'F), 
" c r i t i c i z e " (G) and "consult" (H). 
Thinking act "consult (the pat ient)" can identify disagree­
ment with the proposed treatment. If this occurs and If I t 
Is sti l l possible, the problem solver should go back four 
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thinking acts and choose other alternatives from the pool of 
t reatment alternatives (Figure З . 1 . , arrow 3). 
The feedback of the results of one thinking act (an In ter­
mediate phase) t o the thinking act Itself Is not explicit ly 
built Into the PSM. A thinking act leading to an Intermediate 
phase can be regarded as the most elementary p a r t of the 
solving process. I f a problem solver could receive feedback 
regarding a thinking act by comparing the quality of an 
Intermediate phase to external standards, the possibility of 
Introducing fai lures In the entire solving process can be 
decreased (Figure З . 1 . , arrows 4 t o 10). 
The feedback process proceeds as follows: 
1. Determination of external c r i t e r i a for the Intermediate 
phases. 
2. Measurement of the results of the thinking act by comparing 
them with the external c r i t e r i a . 
3. A decision Is made whether, depending on the measurement, 
the educational process can be continued or If It Is 
necessary to repeat one step In the solving process. 
The process of measuring and deciding can be r e f e r r e d to as 
"evaluation" or "assessment" (Meuwese, 1973). Feedback of the 
result of a thinking act, which Is an Intermediate phase, t o 
the thinking act Itself should be directed to the evaluation or 
assessment of the Intermediate phase. The evaluation of all 
Intermediate phases, as parts of the ent ire solving process can 
result In an evaluation of the complete solving process. 
Feedback, based on external c r i t e r i a as measuring tools becomes 
a matter of evaluation. Since assessment of the problem solving 
process was described as the t h i r d function of the PSM, It will 
be elaborated upon In the next paragraph. 
I η summary, the PSM of fers opportunities t o provide practicable 
feedback. Two feedback mechanisms are founded upon testing an 
acquired performance to internal standards. A t h i r d mechanism, 
feedback of the results of only one thinking act t o this very 
thinking act, will be founded upon testing the quality of 
Intermediate phases to external c r i t e r i a . These external 
c r i t e r i a play a major role In the evaluation of the problem 
solving process. 
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3.4. The PSM as a measuring Instrument 
After or ientat ion and feedback the th i rd function of the PSM Is 
a guide In the evaluation of the problem solving process. The 
PSM Is more than a solving process since data collection Is an 
Integral par t of the model. I t Is Important to assess not only 
the solving process but the quality of data collected from the 
patient as well. An effect ive feedback can be achieved by 
providing a student with Information regarding the collected 
data not only after but also during data col lect ion. Incor rec t 
observations can be corrected and omissions can be completed. 
I t should be determined precisely what structures should be 
observed. In addition, the c r i te r ia which should guide these 
observations have to be described. The observed problems are 
Introduced Into the problem solving process. Through Intel— 
mediate phases and thinking acts the appropriate solutions can 
be obtained. 
To achieve this goal the c r i te r ia by which Intermediate phases 
will be Judged should be specif ied. 
3 .4 .1 . Evaluation c r i te r ia for the observation process. 
The data collection process In the PSM consists of two 
distinguishable parts. The defined data base contains the 
routine observations of predetermined structures or processes 
such as case history, reason for visit and clinical 
examination. 
The supplemental data base Is activated In the event that the 
defined data base lacks specific Information. Additional data 
collection must then be conducted. Because the specific 
composition of the supplemental data base depends on 
Inadequacies In the defined data base. It Is Impossible t o 
determine the c r i te r ia for a supplemental data base. However, 
this Is not t rue for the defined data base as Its name Implies. 
I t Is possible to define the structures In and around the ora l 
cavity which should be examined and what conditions a thorough 
examination should satisfy. 
To faci l i tate understanding, the sections of an examination are 
designated " c r i t e r i a " . The conditions which the c r i te r ia should 
ful f i l are named " c r i t e r i a descript ions". The measurement of a 
performance based on these cr i te r ia descriptions are designated 
"scores". 
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The number of c r i t e r i a to be Included In a defined data base 
can be exhaustive, suggesting t h a t all patient Information, 
relevant or I r re levant, should be Included In the defined data 
base. An exhaustive defined data base has the advantage of the 
observations being complete. Disadvantages are that a 
comprehensive examination requires an enormous amount of time 
and energy while the value of a supplemental data base, whose 
function Is to conduct specific observations, diminishes. 
Hence, a limited but effect ive defined data base Is p r e f e r r e d . 
The limitations In a defined data base can be determined 
a r b i t r a r i l y by a dental college or any department within a 
college. Since the designed PSM will be used as a basis for 
or ientat ion In an experimental t reatment planning course 
(chapter 5), the limitations of the defined data base to be 
described were extracted from educational material of the 
department where the experiment was to take place (syllabus 
61-IIJn, 1979). Moreover, cues for each c r i t e r i o n could be 
derived from this educational material (Table З.1.) . Cues refer 
t o structures or processes t h a t occur In the description of a 
c r i t e r i o n and serve as a guide In the process of observation 
(Dousma and Horsten, 1980). Some additional cues were supplied 
by examples of treatment plans In the previously mentioned 
syllabus. 
Cr i ter ion descriptions were drafted for each c r i t e r i o n . They 
Illuminate the requirements which the c r i t e r i o n should meet t o 
receive the maximum score on the rat ing scale. 
The rat ing scale, used In Table 3.2., Is a four point scale, 
with 1 being st r ic t ly unacceptable, 2 being poor, 3 being 
acceptable and 4 being excellent (see also paragraph 1.1.). 
This Implies that whenever a cr i ter ion's observation meets the 
requirements of the c r i t e r i o n description, score 4 Is assigned 
t o t h a t c r i t e r i o n . To decide on a score f o r each observation 
t h a t does not completely correspond with a c r i t e r i a 
description, the rat ing scale must be specified f u r t h e r . I t 
should be determined of what quality an observation must be t o 
be awarded with the cores 3, 2 and 1. The availability of such 
a c r i t e r i o n oriented rat ing system enhances the validity of the 
evaluation (MacKenzle, 1974). The pi lot study (chapter 1) 
Indicated t h a t In evaluating treatment plans the qualitative 
term 'correctness' and the quantitative term 'completeness' 
caused the least differences among r a t e r s . Therefore, these two 
terms will be used In the c r i t e r i o n descriptions and adjuncted 
scores. Table 3.2. provides a survey of c r i t e r i a , cues, 
c r i t e r i a descriptions and scores. 
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Table 3 . 1 . A S u r v e y of C r i t e r i a and Cues, t o be Used t o C o l l e c t 
P a t i e n t Data (a D e f i n e d Data B a s e ) . 
CRITERION CUES CRITERION CUES 
general 
t l o n 
Informa- famlly-name 
given names 
address 
p h y s l c l a n 
Insurance 
date of b i r t h 
sex 
p a t i e n t number 
o r a l hygiene 
h i s t o r y 
e x t r a o r a l 
examlnat ion 
reason f o r v i s i t 
method 
frequency 
tooth-brush 
tooth-paste 
TMJ 
glands 
swelIIngs 
other abnoi— 
malItles 
medical history 
dental history 
fami I y history 
use of medicine 
allergy 
haemorrhage 
heart/vascular 
di sease 
gingiva 
f IuorI de 
extractions 
restorations 
anaesthesia 
family 
congenital 
abnormalItles 
Intraoral 
examlnation 
radiographic 
examlnation 
mucosa 
periodontium 
teeth 
occlusion 
artlcalatlon 
carles 
pu lp vitalIty 
о Id restora-
tlons 
bone struc­
ture 
third molars 
periapical 
areas 
cavities 
dIet hl story meals 
food compos Ι­
έ I on 
use of sugar 
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Table 3 . 2 . The Eva lua t ion System f o r t h e Observa t ion Phase. 
CRITERION CUES DESCRIPTION SCORE 
general 
Information 
family-name 
given names 
address 
physician 
Insurance 
date of birth 
sex 
patient number 
all these factors are 
recorded correctly 4 
1 factor Is lacking 
or I s recorded I ncoi— 
recti y 3 
2 factors are lacking 
or are recorded In-
correctly 2 
3 or more factors are 
lacking or are recor-
ded Incorrectly 1 
reason for 
vlslt 
the reason for visit 
Is recorded correctly- 4 
the reason for visit 
1 s recorded or I s 
recorded Incorrectly— 1 
medical 
history 
use of drugs 
allergy 
haemorrhage 
heart/vascular 
diseases 
these or more relevant 
factors are recorded 
correctly 4 
1 factor Is lacking or 
Is recorded Incor-
rectly 3 
2 factors are lacking 
or are recorded In-
correct I y 2 
3 or more factors are 
lacking or recorded 
Incorrectly 1 
(to be continued on the next page) 
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Table 3.2. The Evaluation System for the Observation Phase, 
(continued) 
CR I TER I ON CUES DESCRIPTION SCORE 
dental 
history 
•fami I y 
history 
diet hIstory 
glnglva 
f IuorI de 
extractions 
restorations 
anaesthesia 
f am 11 y 
congenital 
abnormalItles 
meals 
food composition 
use of sugar 
these or more relevant 
factors are recorded 
correct I y 4 
1 factor Is lacking 
or Is recorded Incor-
rectly 3 
2 factors are lacking 
or are recorded In-
correct I y 2 
3 or more factors are 
lacking or are recor-
ded Incorrectly 1 
both cues are recorded 
correct I y 4 
one of the cues Is 
lacking or Is recor-
ded Incorrectly 1 
al I factors are recoi— 
ded correctly 4 
1 factor Is lacking 
or Is recorded Incoi— 
reet I y 3 
2 factors are lacking 
or are recorded In-
correct I y 2 
these three factors 
are IackIng or are 
recorded Incorrectly— 1 
(to be continued on the next page) 
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Table 3.2. The Evaluation System for the Observation Phase, 
(continued) 
CR I TER I ON CUES DESCRIPTION SCORE 
oral hygiene method 
frequency 
tooth-brush 
tooth-paste 
all factors are recor­
ded correctly 4 
1 factor Is lacking 
or Is recorded Incor­
rectly 3 
2 factors are lacking 
or are recorded In­
correctly 2 
3 or more factors are 
I ack I ng or are recoi— 
ded Incorrectly 1 
extraoral 
examI nation 
TMJ 
glands 
swelIIngs 
other abnormalities 
all factors are recoi— 
ded correctly 4 
1 factor Is lacking 
or Is recorded In­
correctly 3 
2 factors are lacking 
or are recorded In­
correctly 2 
3 or more factors are 
I ack I ng or are recoi— 
ded I ncorrect I y 1 
Intraoral 
examlnation 
mucosa 
perlodontlurn 
teeth 
occlusion 
arttculatlon 
carles 
tooth vital Ity 
old restorations 
(to be continued on the next page) 
al I factors are recoi— 
recorded correctly 4 
1 factor Is lacking 
or I s recorded I η coi— 
reet I y 3 
2 factors are lacking 
ore are recorded In­
correctly 2 
3 or more factors are 
lacking or are recor­
ded I ncorrect I y 1 
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Table 3.2. The Evaluation System for the Observation Phase, 
(continued) 
CR I TER I ON CUES DESCRIPTION SCORE 
radiographIc 
examlnation 
bone structure 
t h i r d molars 
periapical areas 
cav i t ies 
a l l factors are recoi— 
ded correct ly 4 
1 factor Is lacking 
or Is recorded Incor­
rect I y 3 
2 factors are lacking 
or are recorded In-
correct ly 2 
3 or more factors are 
lacking or are recor­
ded 1 ncorrect I y 1 
3.4.2. Evaluation c r i t e r i a for the solving process 
The evaluation c r i t e r i a f o r the solving process In the PS M can 
be defined In a similar manner as the c r i t e r i a of the 
observation; c r i t e r i a , cues, c r i t e r i o n descriptions and scores 
must be developed. The Intermediate phases within the problem 
solving process serve t h a t function (paragraph З.З.1.). Unlike 
the observation, cues which may faci l i tate the description of 
the c r i t e r i a are not always available. The solving process was 
character ized In detail In the Intermediate phases so I t 
becomes d i f f i c u l t t o character ize these Intermediate phases as 
c r i t e r i a by means of more specific cues. This does not apply t o 
the Intermediate phases In the solving process which are 
obviously related t o the nature of the problems which must be 
solved at the respective urgency levels. 
I t Is possible to define the Intermediate phases "final goal" 
and "problem l ist" In terms of a level's specific urgency 
c r i t e r i a . For Instance, In the description of a final goal at 
level 2, the problem solver should state the cues; carles, 
periodontit is, periapical and endodontic abnormalities, for 
these cues character ize level 2 t reatment. 
If possible, the c r i t e r i o n definitions In a solving phase 
should be evaluated using the terms "completeness" and 
"correctness". In view of the availability of cues for the 
Intermediate phases "f inal goal" and "problem l ist", both terms 
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can be util ized In determining these c r i t e r i a . Such reasoning 
does not apply to the other c r i t e r ia because the quantitative 
term "completeness" can only be applied In cases where a 
specific number of cues can be appointed. The cr i ter ion 
description of the Intermediate phase " tentat ive treatment 
sequence" may serve as an example. I t Is quite possible t o 
generate a description that deserves a maximum score, wich Is: 
" the choice for an alternat ive was argued correct ly and Its 
place In the treatment sequence was determined". This 
description does not allow the use of the quantitative term 
"completeness". Because no cues are available serious d i f f icu l -
t ies are encountered In determining which requirements a des-
cript ion should meet to receive a score 3, 2 and 1 respec-
t ive ly . Consequently, only the qualitative term "correctness" 
remains. A cr i ter ion description Is either co r rec t or 
Incorrect , thus reducing the rat ing scale to two points. 
Table 3.3. shows a survey of the evaluation c r i te r ia , applied 
In the level 3 solving phase. These c r i te r ia are Identical to 
those of level 2 except for the nature of the cues, which are 
level-dependant. 
Because at levels 1 and 4 the Intermediate phases ' tentat ive 
t reatment sequence' and 'adjusted t reatment sequence' were 
Joined together (see paragraph 2.4.3. ) , the cr i ter ion 
description for the Intermediate phase ' t reatment sequence* was 
adjusted. In table 3.4. the cr i te r ion descriptions for the 
level 4 solving phase are Indicated. 
3.4.3. Final grading 
In dental education I t may be desirable to assign a treatment 
plan a grade. For Instance, a situation where a student's 
ability to solve problems has to be measured through the 
construction of a treatment plan. In an educational setting as 
described In chapter 1, a t reatment plan Is graded to express a 
value Judgement concerning a student's performance. The 
determination of a treatment plan's final grade can be based on 
all grades for the sections In the observation phase and the 
Intermediate phases of the problem solving process. I t Is 
questionable whether all Intermediate grades should be weighted 
equally In the final grade as the factors Involved lie beyond 
the evaluation system. These factors stipulate the caesura. A 
grade below the caesura can be character ized as unacceptable 
while a grade above the caesura can be considered acceptable. 
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I t Is possible to evaluate treatment plans with the aid of 
evaluation c r i t e r i a . I t would however go beyond the parameters 
of this Investigation to discuss all possible factors which are 
Involved In the determination of a caesura. 
Table 3.3. The Evaluation System for the Problem Solving Phase 
on Level Three. 
CRITERION CUES DESCRIPTION SCORE 
final goal resistance the final goal Is recorded 
occlusion correctly using all relevant 
articulation cues 4 
orthodontics no final goal or an Incorrect 
perto-surgery final goal Is recorded for 
one or more relevant cues 1 
problem list resistance all observed problems 
occlusion regarding these cues are 
articulation listed correctly 4 
orthodontics one or more problems are 
perlo-surgery not listed or listed Incor-
rectly 1 
categorized - all observed problems are 
problem list categorized correctly Into 
the 4 problem fields 4 
1 or more observed problems 
are not categorized or 
categorized Incorrectly 1 
treatment - all treatment alternatives 
alternatives for all problems are listed 
correctly 4 
1 or more treatment 
alternatives are not listed 
or are listed Incorrectly 1 
(to be continued on the next page) 
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Table 3 . 3 . The E v a l u a t i o n System f o r t h e P r o b l e m Solv ing Phase 
on L e v e l T h r e e ( c o n t i n u e d ) . 
CRITERION CUES DESCRIPTION SCORE 
chosen 
alternatives 
tentât I ve 
treatment 
sequence 
definì tl ve 
treatment 
sequence 
adjusted 
treatment 
sequence 
evaluation/ 
treatment 
results 
one treatment alternative Is 
chosen correctly for all 
problems 4 
no a l t e r n a t i v e Is chosen 
or Is chosen I n c o r r e c t l y 
f o r one or more problems 1 
the choice fo r a t rea tment 
a l t e r n a t i v e Is J u s t i f i e d 
c o r r e c t l y and I t s p lace In 
a t rea tmen t sequence Is 
determined c o r r e c t l y 4 
one or more choices are not 
J u s t i f i e d or are J u s t i f i e d 
I n c o r r e c t l y nor are they 
placed In a c o r r e c t t r e a t -
ment sequence 1 
( s e l f - ) e v a l u a t l o n Is app l i ed 
r e s u l t i n g In a c o r r e c t d e f i -
n i t i v e t rea tment sequence 4 
( s e l f - ) e v a l u a t l o n Is not 
app l i ed or d id r e s u l t In 
an I n c o r r e c t d e f i n i t i v e 
t rea tment sequence 1 
the d e f i n i t i v e t rea tment 
sequence Is ad justed co r -
r e c t l y using the p a t i e n t ' s 
c r i t i q u e 4 
the definitive treatment 
sequence Is adjusted Incoi— 
rectly using the patient's 
critique 1 
the treatment result are 
weighed correctly against 
the final goal 4 
the treatment results are 
weighed Incorrectly against 
the final goal 1 
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Table 3.4. The Evaluation System for the Problem Solving Phase 
on Level Four. 
CR I TER I ON CUES DESCRIPTION SCORE 
final goal periodic the final goal Is recorded 
review correctly using all relevant 
adaptation cues 4 
reorientation the final goal Is recorded 
remotlvatlon Incorrectly or not all relevant 
cues are used 1 
problem list periodic the observed problems regarding 
review these cues are recorded coi— 
adaptation recti y 4 
reorientation one or more cues are recoi— 
remotlvatlon ded Incorrectly or are listed 
Incorrectly 1 
treatment - all treatment alternatives 
alternatives are recorded correctly for 
all problems 4 
one or more treatment a I tei— 
natives are not recorded or an 
Incorrect alternative Is 
recorded 1 
chosen - a relevant alternative Is 
alternatives chosen for each problem 4 
for one or more problems no 
treatment alternatives are 
chosen or Incorrect treat-
ment alternatives are chosen— 1 
(to be continued on the next page) 
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Table 3.4. The Evaluation System for the Problem Solving Phase 
on Level Four (continued). 
CR I TER I ON CUES DESCRIPTION SCORE 
treatment 
sequence 
evaluation of 
treatment 
results 
the chosen alternatives are 
Justified correctly and their 
place In the treatment sequence 
Is determined correctly 4 
one or more chosen alternati­
ves are Justified Incorrectly 
or are placed In an Incorrect 
treatment sequence- 1 
the treatment results are 
weighed correctly against the 
final goal 4 
the treatment results are 
weighed Incorrectly against 
the final goal 1 
3.5. Discussion 
I t was concluded In paragraph 3.2. that the PS M Is not a 
complete basis for or ientat ion. The model does not provide a 
com-plete or ientat ion t o the solving process so It remains 
possible t h a t a problem solver can choose an I n c o r r e c t problem 
solving r o u t e . Actually this Is typical for a heuristic problem 
approach. I t Is obvious t h a t al ternat ive solutions or Inade­
quate solutions of the problems may occur (paragraph 2.3.). 
Although It Is apparent t h a t the PSM does not fully provide an 
Inexperienced problem solver an or ientat ion t o the problem t o 
be solved, a fa i r ly acceptable aid Is available through the use 
of a predefined c r i t e r i o n oriented grading system also serving 
as a feedback and self-evaluation system. At those places of 
Inadequate or ientat ion In the PSM, an aid can be given to the 
problem solver t o faci l i tate decision making. 
The Intensity with which accessory aids are developed should 
not be decreased by the availabil ity of an evaluation system. 
To the extent students/problem solvers require additional aids, 
they should f ind the model workable In an experimental sett ing. 
In chapter 5 such an experiment will be described. 
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CHAPTER 4. THE DEVELOPMENT OF TREATMENT PLANNING 
FORMS 
4 . 1 . Introductlon 
Concurrent recording of the patient's problems and the manner 
In which these problems should be addressed serves a variety of 
purposes. In medical education, Weed (In: Ingber and Rose, 
1975) Indicated the Importance of recording medical 
Information. The following goals were described: 
1. Recording a physician's thoughts and actions allows an 
objective evaluation of his/her performance. 
2. Recorded patient Information enables a physician to assess a 
patient's needs In a better way. 
3. Recorded patient Information makes It possible to audit the 
quality of patient c a r e . 
4. Recorded patient Information allows communication between 
physician's responsible for patient c a r e . 
5. Recorded patient Information provides pert inent Information 
and Instructions for the paramedical personnel t o funct ion. 
6. Recorded patient Information serves both patient education 
and motivation. 
7. Recorded patient Information contributes to student 
education. 
Θ. Recorded patient Information can be used for research 
purposes. 
Whether these goals can be t ransfered unconditionally t o 
written Information concerning dental patients Is questionable. 
An argument can be made for drawing a distinction between 
medical and dental problems; such an argument will be advanced 
In chapter θ (paragraph 8.З.1.). Whether patient Information 
should be recorded on one form or on several forms Is also 
unclear. In addition, It should be Investigated t o what extent 
forms can also be a constructive device for collecting patient 
data. 
The goals specified by Weed were not defined In a suff icient 
manner t o allow procurement of precise directives for designing 
forms. The translation of the goals for dental patient 
Information Is necessary t o analyse these goals. Such an 
analysis faci l i tates the construction of directives which will 
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be used to develop the planning forms. Figure 4 . 1 . Il lustrates 
this procedure. 
goals of direct ives treatment 
wri t ten for planning 
patient designing records 
Information records 
Figure 4 . 1 . Working scheme for designing treatment planning 
forms. 
4.2. Directives for designing forms 
Each of Weed's goals (paragraph 4.1.) will be Investigated to 
ascertain what par t of the patient Information Is addressed by 
tha t goal. Thereupon, an attempt will be made to derive one or 
more concrete directives for designing treatment planning 
forms. Since the resulting treatment planning records will be 
applied In dental education, the objectives fo r use In a dental 
educational setting will be described. 
4 . 2 . 1 . "Recording a student dentists thoughts and actions 
allows an object ive evaluation of his/her performance". 
This goal Implies that all relevant patient Information should 
be recorded In such a manner tha t object ive feedback of 
treatment results can be related to the original problem 
formulation (e .g . a disease). In terms of the PSM this means 
that observation, recognit ion, findings and the problem solving 
process. Including the course of the t reatment and the 
treatment results, should be recorded. Omitting any Information 
can affect the Interpretat ion of patient data and reduce the 
object iv i ty of an evaluation. 
Directive 1: The records to be designed, should allow recording 
of all relevant patient Information. 
In order to stimulate the recording of all desired Information, 
It Is possible to pr in t cues on the forms that relate to the 
Information to be described and the requirement which this 
Information should meet. 
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I t Is essential that the recorded Information provide an 
adequate problem formulation which can lead to an appropriate 
solution. 
The recorded Information should meet certa in quantitative and 
qualitative standards. These standards for the observation 
process were described In paragraph 3.4. They can be valuable 
In designing a form for recording observations. 
Directive 2: A form will be designed f o r the description of the 
observations. On this form the observation and the 
c r i t e r i a for Judging the observation can be 
recorded. 
In the problem solving process t o be explicit, I t Is Important 
to record all Information and actions during the problem 
solving phase. Evaluation c r i t e r i a were designed for t h a t 
purpose as well (paragraph 3 . 4 . ) . 
Directive 3. A form will be designed for the description of the 
problem solving act iv i t ies. The form should 
register how the problems will be addressed and 
should Include In detail the requirements t h a t the 
description of the problem solving process should 
f u l f i l . 
The other aspect of an objective treatment evaluation consists 
of recording the treatment activit ies as well as the treatment 
results. This can be achieved by recording the performed 
treatment and treatment results on a separate form. 
Directive 4. A form will be designed t o record treatment 
activit ies and t reatment results. 
Having recorded the observations, the problem solving process 
and the treatment results, the process of evaluation or 
assessment can be established. Treatment planning forms should 
encourage a problem solver t o r e c o r d the evaluative findings. 
Directive 5: The planning forms should encourage a problem 
solver to d i rect attention to the evaluation of 
the problem solving process and the treatment 
results. 
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4 .2 .2 . "Recorded patient Information enables a student to 
assess a patient's needs In a better way" 
This goal follows direct ly from the previous one. Recording all 
Information, Including a patient's desires and opinions, leads 
to a better Insight Into a patient's needs. The patient's 
contribution In the problem solving process has already been 
Inserted Into the problem solving process at the Intermediate 
phase "adjusted treatment sequence". Therefore, no special 
directives will be derived from this goal. 
4.2.3. "Recorded patient Information makes It possible to audit 
the quality of patient care" 
In this goal Weed re fers to the possibility of assessing the 
progress of a t reatment. Progress can only be assessed properly 
If all relevant data obtained from a patient have been 
correct ly recorded. In dental education patient treatment Is 
supervised by dental preceptors and Instructors who verify the 
quality of patient care, delivered by the student dentists. The 
forms to be designed should provide opportunities to verify the 
quality of observations, problem solving activities, the 
treatment, and the treatment results. 
Directive 6: The forms to be designed should enable dental 
teachers to ver i fy the quality of the observation, 
the problem solving method, the treatment and the 
treatment results. 
4.2.4. "Recorded patient Information allows communication 
between dentists and student dentists responsible for 
patient care" 
The fact that patient Information has been recorded enables 
dental faculty and students to communicate about a patient. 
This Is Important In the execution of a treatment plan by more 
than one student dentist under the supervision of more than one 
Instructor. 
A patient record can faci l i ta te communication only If all 
relevant Information Is available whenever a patient Is 
t rea ted . To make the communication process more effect ive It Is 
recommended that patient Information be categorized and 
labeled. By re fe r r ing to a category label one can easily locate 
needed patient Information. 
chapter 4 85 
Directive 7: Patient Information should be recorded In 
categories; the categories should be labeled. 
4.2.5. "Recorded patient Information provides Information and 
Instructions for the paramedical personnel to funct ion" 
Weed formulated this goal for records which were to be used by 
hospital staff . Dentistry In the Netherlands acknowledges only 
one paramedical profession, a dental hygiënist, to whom parts 
of the observation and treatment can be delegated. Such 
Instruction should be stated In writ ing and added to the 
patient Information. Treatment planning forms should also 
provide a method for the dentist to Instruct a dental 
assistant, for example In making preparations for a special 
dental t reatment. 
In dental education re fe r ra ls are made not only to a dental 
hygiënist or a dental assistant but student dentists also re fe r 
certain treatments to other students or to dentists and 
specialists. The person to whom a patient Is re fe r red should 
receive specific Instructions In wri t ten form. 
Directive Θ: The form for the registrat ion of t reatment and 
treatment results should provide a means to r e f e r 
a patient t o another person or t o Instruct other 
(para)medlcal personnel. 
4.2.6. "Recorded patient Information serves both patient 
education and motivation. 
Data, If recorded, can Inform patients about their situation. 
The available data can be used t o review the patient's dental 
situation longitudinally so progress can be demonstrated to a 
patient. For example, a systematical measurement of plaque, If 
recorded, provides patients with feedback concerning their oral 
hygiene. Patient data which changed over the course of time are 
recorded more than once In the various phases of the Ρ S M (each 
time a patient visits a student dentist for periodic review). 
Thus a comparison between new and old data becomes possible. 
4.2.7. "Recorded patient Information contributes to the 
education of students" 
The entire process of observation, problem solving and t r e a t ­
ment, conducted by students, contributes t o their education. A 
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patient's dental r e c o r d enables the student to examine these 
matters In absence of the patient. Hence, education does not 
entirely depend on the patient's presence. Recorded patient 
Information enables students t o gain Information concerning 
the treatment of the patients of other dental practices. Thus, 
education Is not limited to their own practical experiences; 
they can learn how clinical problems were resolved by other 
professlonels or students. 
4.2.Θ. "Recorded patient Information can be used for research 
purposes". 
The use of patient information allows the Investigation of many 
variables If the Information Is recorded objectively and 
systematically. All restorat ive materials, for Instance, can be 
followed longitudinally for research purposes and the ef fect of 
treatment planning on the treatment performed can be a subject 
of Investigation. 
Directive 9: The form to be designed should allow a systematic, 
objective recording of patient data for research 
purposes. 
Interpret ing Weed's goals to the f ield of dentistry provides 
nine concrete directives in the design of treatment planning 
forms. Directives 1, 5, 6, 7, θ and 9 r e f e r t o the content t o 
be recorded on the various forms, while the directives 2, 3 and 
4 r e f e r to the number of required forms. 
Table 4 . 1 . shows a survey of the directives with a brief Indi­
cation of their content. 
4.3. Problem Oriented Dental Records 
4 . 3 . 1 . Existing Problem Oriented Dental Records 
I ngber and Rose (1975) transformed Weed's "Problem Oriented 
Medical Records" for use In dent istry. They distinguish between 
t h r e e kinds of forms: a checklist for the defined data base, a 
"problem list and plans"; and a form for the progress notes. 
The checklist consists of a history p a r t and a p a r t for the 
extraora l and Intraoral examination. However, the in t raora l 
examination cannot fully be registered on their forms. 
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Table 4.1 . Survey of Summarized Directives to Design Treatment 
Planning Records. 
DIRECTIVE SUMMARIZED CONTENT 
1. Completeness of the Information 
2. An observation form 
3. A problem solving form 
4. A form for treatment and treatment result 
5. A form for evaluation of the treatment rendered 
6. Verification of treatment 
7. Categorization and labeling of patient data 
Θ. Instruction/reference to other persons 
9. Accessibility to research 
A problem list Is a list of (numbered) problems and alternative 
treatment choices for each problem. There are columns available 
to record a d i f ferent ia l diagnosis, remarks on patient 
instruction, a date and the problem solver's or faculty 
Initials. 
The t h i r d r e c o r d In the Ingber and Rose method Is the form for 
progress notes. Progress notes may have the following format 
and symbol system (Barsh, 1981): 
1. S: Subjective data; the patient's own Judgment concerning 
the problem are contained In this port ion. 
2. 0: Objective data; new clinical findings and the results of 
tests relating t o the problem are Included. 
3. A: Assessment; the dentist's Impression of old and new data 
concerning the problem. 
4. P: Plan; the dentist's plan for resolving the problem. 
The executed plans can be dated and signed on this form by 
faculty. The Ideas of Ingber and Rose regarding the Problem 
Oriented Dental Records were adjusted by Tryon et al. (1979), 
Tryon and Alexander (1980) and Barsh (1981 ). The checklists and 
the progress notes were modified because the problem list of 
Ingber and Rose did not allow enough space t o ful ly record the 
data of the solving process. To obtain a better registrat ion of 
the problem solving process new forms were Introduced. Tryon et 
al. distinguish four forms between checklist and progress 
notes: 
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1. Cue list: All data emanating from the examination are 
categorized. Possible categories are: data on history, data 
on general health, data on dental health and data on 
radiographic examination. The purpose of the cue list Is to 
provide a direct orientat ion to the problems and to 
faci l i tate the construction of a problem list. If desirable, 
the cue list can be transformed Into a tentat ive problem 
list. 
2. The problem list. This form resembles the corresponding 
record designed by I ngber and Rose. The problems on this 
form receive a number; the date on which a specific problem 
was added to the problem list Is also recorded. Whenever a 
problem has been solved a notation Is made on the form. 
3. The Initial plans. This planning form begins with a general 
goal for the treatment of the patient. Furthermore, for 
every separate problem there Is: 
- a description of a specific goal 
- an Indication of necessary additional Information 
- an Indication of the recommended therapy 
- an Indication of the session In which patient Instruction 
and education will occur 
4. The final plan. On this form the planned treatment and 
estimated cost are recorded per session. 
Barsh adjusted Tryon's Ideas and distinguished three forms 
between checklist and progress notes: 
1. The problem list or ientat ion worksheet (PLOW). This form Is 
similar to Tryon's cue list although the categories of the 
cue list are not alike and the recording of examination data 
Is limited to the problem names. 
2. Barsh's problem list resembles the one made by Tryon. The 
difference Is that the solution, not the problem, Is 
described. 
3. The work schedule. For each session It Is delineated on this 
form which problems will be solved, who will conduct the 
treatment, which treatment will be conducted and on what 
date treatment will take place. If the intended treatment 
cannot be completed, this can additionally be recorded. 
4.3.2. The relat ion between Problem Oriented Dental Records and 
the Problem Solving Model 
The PS M consists of an observation part and a problem solving 
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par t . Within the Problem Oriented Dental Records a broad 
distinction can be made among three kinds of records: 
- Checklists for recording observations. 
- Forms for recording problem solving act ivi t ies. 
- Progress notes for recording t reatment results. 
The progress notes and the forms, on which problem solving 
activit ies are recorded can be considered as problem solving 
forms. These are forms on which one or more Intermediate phases 
of the solving process are recorded. There Is a considerable 
variation In the l i te ra ture In reference to the nature and the 
number of forms. None of the authors have Investigated the 
manner In which problems should be solved. In view of this the 
number of forms seems a rb i t r a r y . In the PSM, the solving 
process and Its Intermediate phases are established and 
therefore the requirements which the problem solving forms 
should fu l f i l , with regard to the PSM, can be formulated as 
follows: 
1. I t should be possible to describe all Intermediate phases In 
the problem solving process In order to keep the process 
logical (also direct ive 1). 
2. The problem solving form should encourage a problem solver 
to describe all Intermediate phases. This requirement 
suggests that the Intermediate phases should be printed on 
the forms as a checklist. 
3. I t should be possible to ver i fy the quality of the problem 
solving process on the forms, and to ver i fy the quality of 
the Intermediate phases to assure the quality of the 
solutions (also direct ive 6) . 
In Table 4.2. existing Problem Oriented Dental Records are 
compared with the Intermediate phases of the PSM's solving 
process. The table Indicates that none of the existing forms 
allow the description of all Intermediate phases In the PSM, 
while some Intermediate phases occur on more than one form. 
Since existing forms do not allow a complete registrat ion of 
all Intermediate phases they must be changed. New forms need to 
be designed. However, all authors are unanimous regarding one 
Intermediate phase; the treatment results and evaluation of 
t reatment results should be recorded using progress notes. The 
value of progress notes Is not disputed. Therefore a 'progress 
notes' record will be developed which Is adjusted to the 
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character ist ics of the PSM. 
Table 4.2. A comparison of existing Problem Oriented Dental 
Records with the Intermediate phases In the PSM. 
Intermedtate 
phase In the 
PSM 
Ingber and 
Rose 
Tryon et a l . Barsh 
f i n a l goal 
problem l i s t problem I 1st 
Initial plan 
cue 11st 
problem I 1st 
PLOW 
prob lem I Ist 
categorized 
problem list 
cue 11st PLOW 
treatment 
alternatives 
chosen 
alternatives 
problem list final plan prob lem 11 st 
work schedule 
tentative 
treatment 
sequence 
defΙ η I ti ve 
treatment 
sequence 
problem list final plan work schedule 
progress notes progress notes 
adjusted 
treatment 
sequence 
treatment 
result/ 
evaluation 
progress notes progress notes progress notes 
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4.4. The PSM Oriented Dental Records 
4 .4 .1 . The "OBSERVATION" form 
This chapter's appendix 1 contains the form tha t was designed 
on the basis of the designated directives (Table 4.1.) for 
recording observation data, recognition and findings. 
The face of the record contains the students's name and a model 
of the PSM. If desired, a patient Identif ication can be added. 
The stage of t reatment planning to which the form relates Is 
Indicated by an extended line. 
In the left margin a checklist of the defined data base Is 
displayed. The applied c r i te r ia are Identical to the ones 
previously formulated for the assessment of the observation 
(paragraph 3.4. ) . At the bottom of the form are columns 
available for students and preceptors (dentists, teachers) for 
summarizing the scores of the examined and described c r i te r ia 
on the checklist. The reverse side of the form contains the 
assessment c r i te r ia which were developed In the previous 
chapter (paragraph 3.4. ) . For each c r i te r ion a cue, a c r i te r ion 
definition and a rat ing scale are described. 
4.4.2. The "PROBLEM SOLVING" forms 
The problem solving model consists of four problem solving 
levels so an equal number of problem solving forms, based on 
the urgency levels, need to be designed. This is necessary 
because every level Is character ized by d i f ferent cues and 
c r i te r ia depending on the nature of the problems to be solved. 
Appendix 2 I l lustrates the record for solving problems on level 
1 (the Immediate problems). 
The model of the PSM Is depicted to the r ight of the student's 
name on the face of the form. In the displayed model the level 
1 par t has been drawn with an extended line to Indicate the 
relation between this form and the PSM. 
In the lef t margin the Intermediate phases of the problem 
solving process are delineated. These are to function as a 
checklist to remind the students which Intermediate phases they 
should describe on the fo rm. 
At the bottom of the form both student and teacher can sum the 
scores awarded to the various Intermediate phases. The 
preceptor can express the evaluation for both the observation 
phase and the solving phase by means of a final grade In a 
separate field on the bottom row. 
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The reverse side of the form contains the evaluation c r i te r ia 
so students can provide themselves with Immediate feedback on 
thei r performances. 
Appendices 3, 4 and 5 contain forms for problem solving on the 
levels 2, 3 and 4 of the PSM. These forms are similar to the 
level 1 problem solving form. There Is a difference In the 
recorded cues and the number of Intermediate phases which are 
level dependent. 
4.4.3. The "PROGRESS NOTES" form 
Weed and subsequently I nber and Rose, Tryon et al. and Barsh 
describe the progress In the treatment of a patient In four 
stages. They character ize these stages with the letters SOAP 
(paragraph 4 .3 .1 . ) . Weed developed this S OAP-procedure with 
hospital pract ice In mind In which several people may be 
Involved In the medical t reatment of a hospitalized patient. 
According to Weed It was often di f f icul t to ascertain from the 
treatment notes of all Involved personnel the problems which 
had been t reated and the result of the performed treatment. The 
SOAP-procedure provides a clear view of the problems and 
therapy because for each problem the patient's or the 
physician's experiences, the physician's Interpretat ions and 
plans are recorded. 
However, It Is not feasible to adopt this SOAP-procedure on the 
'progress notes' form for two reasons: 
1. In constrast to medical pract ice a patient In dentistry Is 
generally not t reated by more than one person and thus the 
problem of reflndlng data Is l imited. 
2. All aspects of the SOAP-procedure are Incorporated In the 
PSM and can be registered on one of the PSM forms. The 
subjective and objective data can be recorded on the 
'Observation' sheet. The assessment of these data and the 
planned activit ies are parts of various Intermediate phases 
which are recorded on the problem solving forms. The data 
Involved are easy to t race because they are categorized on 
the forms by means of the names of the Intermediate phases 
which function as labels. 
I t would be superfluous to repeat the solving procedures on 
the 'Progress Notes' form through a SOAP-procedure. 
For these reasons, the objective data, the subjective data and 
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thei r assessment are not considered In the version of the 
'Progress Notes' form which Is to be designed. However, the 
planned treatment for a problem (P) will be Included to provide 
a comparison between planned treatment and conducted t reatment. 
In this manner an evaluation of the planning for each problem 
Is available (direct ive 5, paragraph 4 .2 .2 . ) . 
Comparing the planned treatment with the performed treatment 
will be ef fect ive If both are mentioned consecutively. 
To Indicate patient re fe r ra ls to other personnel or students 
the 'Progress Notes' form should have a specific f ield 
available (direct ive 8, paragraph 4 .2 .5 . ) . 
Estimating the time required for a t reatment Is Important since 
appointments must be scheduled for patients. For this purpose 
another field Is Introduced on the 'Progress Notes' form. The 
estimated time and the actual time required for treatment can 
subsequently be compared during the evaluation at the 
conclusion of a session. 
Appendix 6 contains the 'Progress Notes' form. The form Is 
divided horizontal ly Into rows and vert ical ly Into columns. 
On the topllne In the f i r s t column the problem number Is 
mentioned. In the second column, If necessary, the tooth number 
Is recorded. If the problem does not re late to any tooth this 
field remains empty. In the th i rd column the planned treatment 
time Is estimated. Column four Is Intended for a brief 
description of the planned t reatment. If a par t of the 
treatment Is delegated to a speclallst, a dental hygiënist or 
to another student this Is recorded In column f ive. A 
treatment's prognosis can be expressed In terms of good, 
acceptable, moderate or bad In column six. In column seven the 
sequencing of t reatment can be recorded. 
In the bottom line of a row (beneath the dotted line) data 
regarding the conducted treatment can be recorded. I η the f i r s t 
column the date on which treatment took place Is wr i t ten. In 
column two the tooth number Is recorded. After treatment the 
problem solver registers In column three the actual time the 
performed treatment r e q u i r e d . In column four a description of 
the treatment activit ies Is given. Column five permits 
registration of the name, Initials or code of the therapist . In 
column six the comparison between the planned treatment and the 
estimated costs and the actual treatment and the required time 
Is substantiated In terms of a grade. This Is completed by 
using the term good, acceptable, moderate or bad. 
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Finally an Instructor can approve the recorded data by signing 
In column seven. An Instructor 's Initials should guarantee an 
adequate evaluation and discussion of both treatment plan and 
treatment results 
4.5. Discussion 
The goals for recorded patient information as formulated by 
Weed were the star t ing-point for the design of forms for the 
construction of treatment plans (paragraph 4 .1 . ) . Use of the 
forms may lead to new goals that can become desirable to 
enlarge the accessibility of Information for the patient. Such 
a goal requires patient Information be stated explicitly 
without technical terms and abbreviations. In addition. It Is 
conceivable that recorded patient information will be used to 
test a dentist's thinking and acting against certain standards, 
thus establishing supervision of dental care. 
A goal can also decrease In value through time. With the aid of 
Computer Assisted Instruct ion (Learning) the use of certain 
patient records for Instruction may become superfluous. 
Computer technology will enable a teacher to simulate a case 
history and allow the student dentist to complete treatment 
planning for this simulation. This is preferable to specific 
clinical cases as the teacher can determine what dental 
problems a patient will have, whereas using clinical cases, 
s/he Is rest r ic ted to the patients who have completed 
t reatment. 
In paragraph 4.2. Weed's goals were analysed and revised for 
use In dental education (paragraph 4.2.) , but there Is the 
possibility that this analysis Is Incomplete. If so, directives 
might have been omitted and the designed forms could appear to 
be unsatisfactory In undetected aspects. Such aspects which 
could not be derived from the goals on the basis of the 
analysis comprise the planned treatment and the required 
treatment time. Nevertheless these were Included In the 
'Progress Notes' form. I t may be desirable to adopt other 
aspects for the forms which did not emanate from previous 
analysis. 
The formulated directives and implications of the PSM (para-
graph 4.3.2.) lead to three kinds of forms: the observation 
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Table 4 . 3 . Scheme I n d i c a t i n g which p a r t s of t h e designed 
r e c o r d s f u l f i l t h e d i r e c t i v e s . 
DIRECTIVES OBSERVATION PROBLEM SOLVING 
RECORD RECORDS 
Level forms Progress Notes 
1. completeness checkl ist 
of Information 
checkl ist the e n t i r e record 
2. quali ty of 
observation 
ev a I u at 1 on 
crI ter I a 
3. quallty of 
problem sol­
ving process 
evaluation 
criteria 
fields PROGNOSIS 
and EVALUATION 
4. treatment 
result 
the entire record 
evaluation 
ρlannlng 
procedures 
the solving 
Instructlon 
"evaluate" 
* comparison of 
plans with 
performance 
* field PROGNOSIS 
and EVALUATION 
verification evaluation 
of treatment field 
PRECEPTOR 
eva Iuatlon 
fields PRE­
CEPTOR and 
FINAL GRADE 
field INITIALS 
7. categorlza-
zatI on with 
I abels 
checklist/ Intermediate the problem 
cues phases numbers 
8. Instruction/ 
reference 
field 
REFER TO 
9. accessibility the entire the entire the entire 
for research record record record 
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form, the problem solving form (4 separate forms) and the 
progress notes fo rm. In Table 4.3. the directives and the 
various records are shown to establish a formal evaluation of 
this chapter. 
Each f ield In the scheme Indicates which par t of a form meets 
the requirements of a direct ive. The survey Indicates that all 
directives relate to at least one record . The dotted lines In 
the scheme Indicate that this direct ive cannot physically 
re late to tha t form. 
Two forms do not ful f i l all desired direct ives. These are the 
observation and level forms which do not provide an opportunity 
for reference and Instruct ion. These forms do not show clearly 
which par t of the observation and problem solving process Is 
delegated, nor do they show which Instructions accompany this 
re ference. Delegating parts of the observation will often 
require gaining additional information. Once this Information 
Is collected It can be recorded on the observation sheet by the 
examiner. 
Referrals to other pract i t ioners for resolving certain problems 
occur In the treatment phase. I t would be desirable to record 
this Information on the progress notes sheet only. In this 
respect I t should be noted that both the progress notes form 
and the level forms serve as problem solving forms. Hence, 
re fe r ra ls can be recorded on at least one problem solving form. 
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APPEND IX 1 
ΧΠΧ 
OBSERVATION PAGE : 
STUDENT NAME: NUMBER: PATIENT NAME: 
general 
information 
reason tor 
visit 
medical 
history 
-4-
dental 
history 
f ami ly 
history 
-6-
diet 
history 
oral hyniene 
history 
extraoral 
examination 
intraoral 
examination 
-10-
radiographic 
examination 
EVALUATION STUDENT °RECEnT0R: 
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APPEND I X 2 
L E V E L 1 J рл' 
• general health prrblem «emergency 
CUES: »complaint «diagnostic nroblem 
-1-
final goal 
-2-
probLem list 
-3-
treatment 
alternatives 
-4-
chosen 
alternatives 
-5-
treatment 
sequence 
-6-
e v a l u a t i o n 
EVALUATION STUDENT: PRECEPTOR: FINAL GRADE: 
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E V A L U A T I O N S Y S T E M FOR L E V E L 1 T R E A T M E N T P L A N N I N G 
CRITERION CUES DESCRIPTION SCORE 
f InaI goaI 
Droblem I 1st 
treatment 
al ternati ves 
chosen 
alternatives 
treatment 
sequence 
evaluation of 
treatment 
results 
general health the final goal Is recorded 
problems correctly using all relevant 
complaint cues 4 
emergency the final goal Is not recorded 
diagnostic correctly using all relevant 
problems cues 1 
general health the observed problems regarding 
problems these cues are recorded 
complaint correctly 4 
emergency one or more cues are not 
diagnostic recorded correctly or are not 
problems listed correctly 1 
all treatment alternatives 
are recorded correctly for 
all problems 4 
1 or more treatment a I tei— 
natives are recorded or an 
incorrect alternative is 
recorded 1 
a relevant alternative Is 
chosen for each problem 4 
not for every problem a 
treatment a I тегηat I ve Is 
chosen 1 
the chosen alternatives 
are Justified correctly and Its 
ρ I ace I η the treatment sequence 
Is determined correctly 4 
1 or more chosen alternatives 
are not Justified correctly or 
are placed In the correct 
treatment sequence 1 
the treatment results are 
weighed correctly against the 
final goal correctly 4 
the treatment results are not 
weighed correctly against the 
final goal 1 
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APPEND IX 3 
PAGE: 
• caries * per iapical problems 
CUES: * pe r i odon t i t i s » endodontic problems 
-1-
final goal 
problem list 
categorized 
problem list 
treatment 
alternatives 
-5-
chosen 
alternatives 
-6-
tentative 
treatment 
sequence 
definitive 
treatment 
sequence 
adjusted 
treatment 
sequence 
evaluation 
EVALUATION STUDENT: PRECEPTOR: FINAL GRADE 
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E V A L U A T I O N S Y S T E M FOR L E V E L 2 T R E A T M E N T P L A N N I N G 
CRITERION CUES DESCRIPTION SCORE 
final goal 
problem I 1st 
categorized 
problem I ist 
treatment 
a Iternatives 
chosen 
alternatives 
tentât I ve 
treatment 
sequence 
def In Iti ve 
treatment 
sequence 
adjusted 
treatment 
sequence 
evaluation of 
treatment 
results 
carles the final goal Is recorded 
periodontitis correctly using all relevant 
periapical cues 4 
problems no final goal or no correct 
endodontic final goal was recorded for 
problems one or more relevant cues 1 
carles all observed problems 
periodontitis regarding these cues were 
periapical listed 4 
problems one or more cues are not 
endodontic recorded or are not IIsted 
problems correctly 1 
all observed problems are 
categorized correctly Into 
the 4 problem fields 4 
1 or more observed problems 
are not categorized or not 
categorized correctly 1 
all treatment alternatives 
for al I problems are I Isted - 4 
1 or more treatment 
alternatives are not listed 
or are not I i sted correct I y - 1 
one treatment alternative Is 
chosen for all problems 4 
no alternative was chosen 
for 1 or more problems 1 
the choice for a treatment 
alternative Is justified 
correctly and Its place In 
a treatment sequence is 
determined correctly 4 
1 or more choices are not 
Justified or are not justi-
fied correctly nor is it 
placed In a treatment 
sequence 1 
(self-)crltlclsm is applied 
resulting in a correct defi-
nitive treatment sequence 4 
(sel f-)criti с Ism is not 
applied or did not result 
in a correct definitive 
treatment sequence 1 
the definitive treatment 
sequence is adjusted 
correctly by using the 
patient's comments 4 
the definitive treatment 
sequence is not adjusted 
correctly by using the 
patient's commments 1 
the treatment result are 
weighed correctly against 
the final goal 4 
the treatment results are 
not weighed correctly 
against final goal 
correctly 1 
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APPEND IX 4 
LEVEL 3 PAGE: 
• chronic periodontal problem 
CUES: » t o o t h resistance « a r t i c u l a t i o n problem 
«or thodont ic problem »occlusal problem 
- l -
f i n a l goal 
problem list 
ca tegor i zed 
problem l i s t 
treatment 
alternatives 
-5-
chosen 
alternatives 
tentative 
treatment 
sequence 
-7-
definitive 
treatment 
sequence 
adjusted 
treatment 
sequence 
-9-
evaluation 
EVALUATION STUDENT: PRECEPTOR: FINAL GRADE: 
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E V A L U A T I O N SYSTEM FOR LEVEL 3 TREATMENT PLANNING 
CRITERION CUES DESCRIPTION SCORE 
f i n a l goal 
problem I 1st 
categorized 
problem I 1st 
treatment 
aIternatlves 
chosen 
al ternat ives 
tentat ive 
treatment 
sequence 
res I stance 
occlus I on 
art I cu I at I on 
orthodontics 
perlo-surgery 
resi stance 
occlusion 
ar t lcu Ia t lon 
orthodontlcs 
perlo-surgery 
defIn I t i ve 
treatment 
sequence 
adj usted 
treatment 
sequence 
evaluation of 
treatment 
resu Its 
the f ina l goal Is recorded 
correct ly using a l l relevant 
cues 
no f ina l goal or no correct 
f ina l goal was recorded for 
one or more relevant cues — 1 
all observed problems 
regarding these cues were 
listed 4 
one or more cues are not 
recorded or are not 11sted 
correctly 1 
all observed problems are 
categorized correctly Into 
the 4 problem fields 4 
1 or more observed problems 
are not categorized or not 
categorized correctly 1 
all treatment alternatives 
for all problems are listed - 4 
1 or more treatment 
alternatives are not listed 
or are not I Isted correctly - 1 
one treatment alternative Is 
chosen for all problems 4 
no alternative was chosen 
for 1 or more problems 1 
the choice for a treatment 
alternative Is Justified 
correctly and Its place In 
a treatment sequence Is 
determined correctly 4 
1 or more choices are not 
justified or are not justi-
fied correctly nor is It 
placed In a treatment 
sequence 1 
(self-)crltlclsm Is applied 
resulting in a correct defi-
nitive treatment sequence 4 
(self-)crltlclsm Is not 
applied or did not result 
In a correct definitive 
treatment sequence 1 
the definitive treatment 
sequence is adjusted 
correctly by using the 
patient's comments 4 
the definitive treatment 
sequence Is not adjusted 
correctly by using the 
patient's commments 1 
the treatment result are 
weighed correctly against 
the final goal 4 
the treatment results are 
not weighed correctly 
against final goal 
correct I y 1 
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APPEND IX 5 
LEVEL 4 PAGE: 
* reor ien ta t ion 
CUES: » remotivat ion 
• adaptation 
• periodic review 
-1-
final goal 
problem l i s t 
treatment 
alternatives 
-zl-
chosen 
alternatives 
treatment 
sequence 
evaluation 
ASSESSMENT STUDENT: PRECEPTOR: FINAL GRADE: 
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E V A L U A T I O N SYSTEM FOR LEVEL 4 TREATMENT PLANNING 
CRITERION CUES DESCRIPTION SCORE 
f I n a I goaI 
problem I 1st 
treatment 
al ternat ives 
chosen 
alternatives 
treatment 
sequence 
periodic 
review 
adaptation 
reorlentatlon 
remoti vat Ion 
periodic 
rev Iew 
adaptation 
reorientation 
remoti vat Ion 
evaluation of 
treatment 
results 
the final goal Is recorded 
correctly using all relevant 
cues 4 
the final goal Is not recorded 
correctly using all relevant 
cues 1 
the observed problems regarding 
these cues are recorded 
correctly 4 
one or more cues are not 
recorded correctly or are not 
listed correctly 1 
all treatment alternatives 
are recorded correctly for 
all problems 4 
1 or more treatment alter-
natives are recorded or an 
Incorrect alternative Is 
recorded 1 
a relevant alternative Is 
chosen for each problem 4 
not for every problem a 
treatment a I Ternati ve Is 
chosen 1 
the chosen alternatives 
are justified correctly and Its 
place In the treatment sequence 
Is determined correctly 4 
1 or more chosen alternatives 
are not justified correctly or 
are placed In the correct 
treatment sequence 1 
the treatment results are 
weighed correctly against the 
final goal correctly 4 
the treatment resuI+s are not 
weighed correctly against the 
final goal 1 
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APPEND IX 6 
PROGRESS NOTES 
STUDLNT NAME: NUMBER: ΓΑΤΙΕΝΤ NAME: 
problem 
number 
date 
tooth 
number 
planned 
time 
required 
time 
treatment planned 
treatment performed 
refer 
code 
prog 
pval 
ses­
sion 
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CHAPTER 5. AN INTRODUCTION OF THE PROBLEM SOLVING 
MODEL IN DENTAL EDUCATION 
A p i l o t s tudy 
5.1. Introductlon 
The study, described In chapter 1, presented a number of 
problem formulations some of which were approached In a 
theoret ical manner In chapters 2, 3, 4. However, the pract ical 
value of these theoret ical results can only be determined when 
the results are applied to Individuals for whom they were 
developed. The PS M, the evaluation system, and the records must 
be presented to student dentists as a way of constructing 
treatment plans. Pract ical experience can lead to Improvement 
of the model If necessary. 
In this chapter the PSM, the evaluation system and a newly 
developed form will be Introduced as research variables In an 
educational experiment. The second-year student dentists, being 
the research population In this experiment have no experience 
In treatment planning. Consequently, they are an unbiased group 
of students with no pr ior knowledge of t reatment planning. 
There Is a disadvantage In choosing this group. At this stage 
of their study the students have l i t t le dental knowledge and 
are Inexperienced. Second-year students have limited ability to 
distinguish between healthy and unhealthy structures, nor are 
they able to complete complex restorat ion techniques. A fu r ther 
complication Is the lack of knowledge of treatment alternatives 
at the students' disposal to allow a qualitatively good problem 
solution. The limitations Inherent In this group will Influence 
the results of the experiment. Therefore, attention will be d i -
rected to the entrance behaviour and skills of these students. 
Other restr ic t ions of the experimental results are Introduced 
by the educational circumstances. The educational setting of a 
treatment planning course can be Influenced only to a minimal 
extent. The available time for a course In treatment planning 
Is prescribed by a curriculum schedule and cannot be modified 
for the benefit of the experiment. In addition, t ra ined faculty 
should be available and concurrent education (e.g. exams) must 
not Inter fere with the course. Because of these limitations the 
experiment cannot be conducted under optimal conditions. That 
Is, the experiment cannot be accomplished In a manner that Is 
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Ideal from a research perspective. 
The restr ict ions Induced In the experimental setting may affect 
the experimental results and consequently the results will be 
Interpreted carefu l ly . 
5.2. Problem formulation 
In this chapter the following questions will be addressed: 
1. What Is the students' opinion of t reatment planning In 
general? 
2. What Is the students' opinion of the course In treatment 
planning which they have completed? 
3. To what extent do the applied treatment planning form (as 
described In paragraph 4.4.) and the evaluation system (as 
described In paragraph 3.4.) fu l f i l thei r functions? 
4. I f students apply the knowledge gained In a treatment plan-
ning course to a simulated patient problem; what will be the 
quality of the problem solution? 
Discovering whether the course Is capable of conveying the im-
portance of t reatment planning for education and for future 
dental pract ice to the students Is the Intent of question one. 
I t provides an evaluation of the motivation with which students 
have responded to the course. 
The second question asks the students' opinion concerning the 
quality of the course. Thus a distinction can be made between 
the quality of the existing course and the quality of the ex-
perimental course. The purpose of this question Is to determine 
the attitude of the students relat ive to the treatment planning 
course. The available Information will allow a better In terpre-
tation of apparent differences between an experimental and a 
control group. 
To ascertain whether the evaluation system printed on the 
treatment planning form In the experimental situation has any 
ef fect on the quality of treatment plans Is the Intent of 
question th ree; did the experimental students use the self-
evaluation system and did this result In better treatment 
plans? 
Finally, the quality of the problem solving process Is Inves-
t igated through question four; does the solving strategy as 
applied by the students lead to acceptable results? 
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5.3. The experimental design 
I t seems possible to test the problem formulation In using ex-
perimental methodology; designing a course that contains the 
research variables (model, evaluation c r i te r ia , planning form) 
and introducing this course In the curr iculum. Similar Inves-
tigations were conducted by Steures and Tromp (1 978) and Mettes 
and Pilot (1980). 
If adjustments of dental education to the experimental si tua-
tion can be made, this environment of fers suff icient 
opportunity for such an Investigation. Second-year student 
dentists at the University of Nijmegen, for whom the successful 
completion of a t reatment planning course Is a requirement, 
constitute the research population. The students must complete 
the course as a prerequisite to entering clinical education. 
An appropriate experimental design must be chosen to Investi-
gate the problem formulat ion. In this experiment a "post tes t -
only/control group" design was util ized (Campbell and Stanley, 
1963). This design helps assure Internal val idity. Whether the 
experimental results can be generalized to other groups of 
students, forms, e tc . (the external validity) Is uncertain. In 
the post test -on ly /cont ro l group design the subjects must be 
randomly divided Into an experimental group and a contro l 
group. The null hypothesis of the experiment would then be: 
"There are no differences In course results between the expe-
rimental and the control group". 
In discussing the statistical test to be employed, Campbell and 
Stanley state: "The post test-only/contro l group design Is 
perhaps the only setting for which the t - t es t Is opt imal". 
I t Is essential that the statistical test uti l ized have 
sufficient power. The power of a statistical test for a null 
hypothesis Is the probability that It will lead to the 
reject ion of the null hypothesis. I.e., the probabil i ty that It 
will result In the conclusion that an experimental phenomenon 
exists (Cohen, 1977). 
The power of a statistical test depends on three parameters: 
1. The significance c r i t e r i on . This cr i ter ion represents the 
standard of proof that the phenomenon exists, or the risk of 
mistakenly re ject ing the null hypothesis. 
2 . The rel iabi l i ty of a sample value. This Is the closeness 
with which It can be expected to approximate the relevant 
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population value. Since the population value Is generally 
unknown the rel iabi l i ty will be estimated In pract ice. The 
most Important component of the rel iabi l i ty of a sample 
value Is the sample size. 
3. The ef fect size, defined as the extent to which the research 
variables cause differences In the results of the 
experiment. 
I f these three parameters have been determined or estimated, 
the power can be deducted by means of a table, constructed by 
Cohen. 
- In the present experiment the sample size Is determined. 
Since there are 89 students In the second year, the sample 
size will be 44. 
- The level of significance Is established at .05 (two-sided). 
- The ef fect size must be estimated. An ef fect size of .30 Is 
considered moderate by Cohen. 
According to Cohen's power table the power of an applied t - tes t 
will be .28 meaning that there Is a 28? chance that the null 
hypothesis will be re jected unmlstakenly. This outline shows 
tha t the experimental results should not be tested 
statistically since this will have l i t t le value and an 
unrealistic chance of misinterpreting the results. 
5.4. Mater I a I s 
5 .4 .1 . The existing treatment planning course 
At the time of the experiment a t reatment planning course had 
been In use for several years. In the curriculum this course 
was located In the second half of the second year pr ior to the 
Initiation of clinical patient t reatment by the student 
dentists. 
This existing course will be described using Glaser's Instruc-
tional system (Glaser, 1962). This Instructional system con-
sists of four components: 
1 . Formulation of the Instructional goals 
2. Description of entrance behaviour 
3. Description of Instructional procedures 
4. Assessment of performance 
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For the existing course the f i r s t th ree components will be 
described. The four th component, the assessment of the per-
formance and the evaluation of the chosen course design, will 
be described In paragraph 5.5. 
5 .4 .1 .1 . Formulation of Instructional goals 
The objectives of the existing course were derived from the 
study guide-book 1980/1981 In which this course was described. 
The formulation Is based on the problem solving cycle (see 
chapter 1). The objectives of the existing course are recorded 
In this chapter's appendix 1 . 
5.4.1.2. Description of entrance behaviour 
In determining the content of a course knowledge of the posi-
tion this course In relation to previously completed modules Is 
Important. The course must be based upon the student's pr ior 
knowledge, but superfluous repetit ions of previous material 
must be avoided. The treatment planning course commences 
halfway through the second year. The contents of the student's 
education to the point can be summarized. In summarizing a 
distinction can be made between perceptual-motor skills, 
cognitive skills and affect ive skills (study guide-book 
dentistry 1979/1980 and 1980/1981). 
a. Perceptual-motor skills. 
Before taking a course In t reatment planning the students 
were trained In making preparations and restorations In 
ar t l f lca l teeth during preclinical courses. These students 
are capable of recognizing and t reat ing simple periodontal 
problems. They have some experience In aspects of prosthetic 
dentistry, full denture prosthodontlcs, and pract ical 
radiology. Minimal clinical experience was gained In their 
f i r s t year when students were enrolled In an oral hygiene 
course. 
b. Cognitive skil ls. 
The cognitive skills tha t the second-year students have 
acquired before the course In t reatment planning, consist of 
the anatomy and physiology of the oral cavity, aetiology and 
therapy of carles, and simple periodontal problems. Furthei— 
more, the students have gained experience In the In te rp re -
tation of dental radiographs. 
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с. Affect ive skil ls. 
Affect ive Issues have been the topic of two modular courses. 
The courses focused on the themes "the student In the 
educational situation" and "pat ient-dent ist relat ionship". 
The latter theme Introduces the student t o the many facets 
of Interaction between the student (as a dentist) and a 
patient. 
Suff icient grades for two f i r s t - y e a r modules and the second-
year courses preparat ion/restorat ion with amalgam and composite 
and radiology are required before students can part icipate In 
the module "Clinical Dentistry I " . In this module these skills 
are applied In patient t reatment. The course In treatment 
planning Is part of the module "Clinical Dentistry I " . 
5.4.1.3. The Instructional procedures In the existing course 
In this framework the Instructional procedures can be described 
by the way the Instructional goals are achieved. The Instruc­
tional procedures comprise both the teaching strategy and the 
educational material. 
This Investigation proceeds from an existing course and conse­
quently no choice for Instructional procedures, as described by 
Glaser, can be made. The procedure exployed In the existing 
course are described In the clinical dentistry syllabus 
(1980/1981). Three teaching strategies were used In this 
education. 
1. Teaching through lectures. 
The course In treatment planning began with an Introductory 
lecture In which students were provided with general In for­
mation about the course. The constituent parts and the func­
tion of the problem solving cycle were discussed extensive­
ly. A brief explanation of the applied treatment planning 
forms completed the Introductory lecture. 
2. Teaching through self-study. 
The course contained 15 hours of self-study for students t o 
review available educational material and Individually 
resolve a patient problem through constructing a treatment 
plan. (During preceding pract ical work the students had 
conducted an Intraora l and an extraora l examination using 
each others as patients; the observations were used In this 
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excerc lse.) . All educational material regarding the contents 
of the course was Inserted In a syllabus. This material 
Included: 
- a description of the problem solving cycle (paragraph 
1.1.). This cycle contained eight steps (Intermediate 
phases). Each step was elucidated br ief ly by describing 
what students were expected to record In the treatment 
plan at this point In the cycle. 
- two resolved "Paper Patient Problems" (chapter 1 and 9) . 
The syllabus Included a description of the examination of 
two patients for which subsequent t reatment plans were 
constructed using the problem solving cycle. 
3. Teaching through group discussions. 
Three group discussions were planned. During these discus-
sions, with a teachei—student ra t io of 1:10, the lecture was 
reviewed. Students were f ree to ask questions and discuss 
problems or di f f icul t ies. 
The previously constructed t reatment plans were reviewed and 
discussed. During the group discussions the t reatment 
planning forms received considerable attent ion. 
5.4.2. The experimental t reatment planning course 
In addition to the existing course, the experimental course 
will be described with Glaser's model as a constructive aid. 
5 .4 .2 .1 . Formulation of the Instructional goals 
The goals for a course In t reatment planning, In which the PS M 
serves as a basis for or ientat ion, can be derived from the mo-
del (paragraph 3.2. ) . Goals can be formulated for all levels of 
the PS M and for the Intermediate phases within the levels. 
Mager (1 962) stated the requirement for good educational objec-
t ives: 
1 . A statement of Instructional objectives is a collection of 
words or symbols describing one of your educational Intents. 
2. An objective will communicate your Intent to the degree you 
have described what the learner will be DOING when demon-
strat ing his achievement and how you will know he Is doing 
It. 
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3. To describe terminal behavior (what the learner will be 
DOING): 
a. Identify and name the overall behavior. 
b. Define the Important conditions under which the behavior 
Is to occur (glvens or restr ict ions, or both). 
c. Define the cr i te r ion of acceptable performance. 
4. Write a separate statement for each object ive; the more 
statements you have, the better chance you have of making 
your Intent c lear. 
5. If you give each learner a copy of your objectives, you may 
not have to do much else. 
Mager's directives were used to design the objectives for the 
experimental course. Appendix 2 contains a list of developed 
objectives. A distinction was made between a global objective 
and various specific objectives. The global object ive emphases 
the overal l model while the specific objectives relate to the 
levels and the intermediate phases within the PSM. The 
experimental course was designed using only a few of the 
objectives since the course Is presented to second-year 
students with limited knowledge (paragraph 5.4.1.2. ) . Their 
knowledge level limits thei r observations and therapy t o level 
2. 
The course manual stated tha t the students were supposed to 
note only the objectives 1, 2, 3, 6, 7 and 5a to 5n with regard 
to level 2 problems. 
5.4.2.2. Description of entrance behaviour 
The experimental course was presented to a par t of the second-
year students. The students In the experimental group thus pos-
sessed the same pr ior knowledge as the students In the control 
group. (See paragraph 5.4.1.2. for a review on the attained mo-
dules pr ior to the experiment). 
5.4.2.3. The Instructional procedures In the experimental 
course 
The experiment's methodology Is enhanced by using the same 
teaching strategies In the experimental course that were 
exployed in the existing course. The Introduction of additional 
variables can thus be prevented and the differences and effects 
occurlng the experiment can be related more strongly to the 
variables which are studied. Therefore, the experimental course 
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also consists of lectures, self-study and group discussions. 
The written study material d i f fers from the material In the 
existing course since the experimental course was constructed 
around the PSM. The study material In the experimental course 
consisted of the following components: 
- A description of the problem solving model. Emphasis was 
placed upon categorizing dental problems according t o the 
urgency with which they require solution. For each of the 
Intermediate phases In the problem solving model some solving 
Instructions were recorded in a manual which was supplied 
with the previously mentioned existing course syllabus. 
- A description of the planning forms to be used and an ex­
planation on the use of the evaluation c r i t e r i a were printed 
on the back of the form. 
- A completed "P aper Ρ atlent Problem". Contrary t o the existing 
course, In which two PPP's were described, only one PPP was 
inserted in the experimental course manual. 
5.5. Methods and evaluation 
5 . 5 . 1 . Methods. 
The experiment was conducted In the middle of the second year 
of study In 1981. The population Investigated consisted of 89 
second-year student dentists. Apart from a few recidivists they 
had no knowledge of treatment planning. The students were 
randomly divided Into two groups; an experimental group of 44 
students and a control group of 45 students. The control group 
and the experimental group were enrolled In the existing course 
and the experimental course respectively. Because four contro l 
group students Joined the experimental group by mistake, the 
control group contained 41 students and the experimental group 
contained 48 students. 
Although the students were Informed t h a t they were 
part ic ipat ing In an experiment, they were not told which of the 
courses was the experimental one. Since the course and the 
final test were scheduled on several days, there was a 
possibility that students would Inform each other concerning 
the contents of the alternative course. All students were 
Informed t h a t both courses were "equivalent". 
Both courses were presented In conformity with the description 
In the paragraphs 5.4.1 and 5.4.2. They were followed by a test 
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which was Identical for both groups. The test was composed of 
the following parts: 
1. A "Paper Patient Problem" (PPP); the students received 
patient data In written fo rm. Using these data they had to 
define and resolve existing problems. The PPP employed In 
the test contained a description of a patient with 
relat ively simple problems (viz. carles and gingivitis). In 
addition to general patient Information, the students were 
provided with the results of an ext raora l and Intraoral 
examination. The clinical record Included a status of dental 
health and a periodontal status (papil lary bleeding Index, 
plaque Index, retention Index and pocket Index). The 
description of this patient, without graphical displays, Is 
Included In appendix 3 of this chapter . 
2. A questionnaire. Fourteen questions concerning the course 
were submitted to all students. The responses were scored on 
a four point scale. One question was open-ended and the 
students could make any relavant response. In two questions 
students were asked to estimate the grade which they 
expected to receive for both the treatment plan and the 
multiple-choice test . These questions were used to determine 
the degree to which students can evaluate thei r own problem 
solving act ivi t ies. The questionnaire Is contained In 
appendix 4. 
3. A multiple-choice test with questions on general matters 
concerning t reatment planning. The multiple-choice test was 
Intended to test general problem solving knowledge and the 
Items related to the sequence In which the problems had to 
be solved. Some questions concerned the treatment planning 
process and the Intermediate phases In this process-
Appendix 5 contains this multiple-choice test . 
5.5.2. The experimental approach 
This paragraph describes how the problem formulation (paragraph 
5.2.) will be approached for each question. 
Question 1 . 
"What Is the students' opinion of t reatment planning In 
general?" 
Because this question asked the opinion of students, questions 
5, 6, 7 and 10 were Inserted In the questionnaire (appendix 4). 
For both the experimental group and the control group the 
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frequencies for each response will be calculated. 
Question 2. 
"What is the students' opinion of the course In treatment 
planning which they have completed?" 
On this subject, questions 2, 3, 4, В and 9 were Inserted In 
the questionnaire. To Investigate the students' opinion the 
frequencies of the responses will be studied. 
Question 3. 
"To what extent do the applied treatment planning form and the 
evaluation system fu l f i l their functions?" 
Only one r e c o r d , viz. the level 2 solving r e c o r d . Is used In 
the experiment. Other records were beyond the scope of the 
experimental exercise. Some data on the form relate t o self-
evaluation by students and t o the use of the evaluation system. 
These data will be examined. 
The students were directed to evaluate their own performance 
for each Intermediate phase. The students were to r e c o r d a 
grade for every Intermediate phase at the r i g h t side of the 
form. An average grade could be recorded by the student at the 
bottom of the f o r m . The extent to which students In the 
experimental group made use If these self-assessment provisions 
will be determined. 
Question 1 3 of the questionnaire asks for an estimate by a 
student of the grade which s/he thinks s/he will receive for 
the treatment plan. I t Is expected t h a t students who had 
assessed themselves anticipate a better grade than those who 
did not. The differences will be examined. 
Question 4 . 
" I f students apply the knowledge gained In a treatment planning 
course to a simulated patient problem, what will be the quality 
of the problem solution?" 
In the design of the Investigation, the experimental group 
receives the same PPP as the control group. The students must 
Independently complete the PPP under test conditions. A number 
of t reatment plans will result . To gain an Impression of the 
extent the experimental problem solving model Is capable of 
solving PPP's, the t reatment plans of both the experimental and 
the control group will be analysed. The form employed for the 
analysis Is contained In appendix 6. Since the result of the 
two groups will be compared t o one another, only the treatment 
planning data t h a t relate to similar Intermediate phases of the 
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treatment planning methods will be Included In the analysis. 
This applies to the following intermediate phases: problem 
formulation (column 1), the categorized problem list (column 
2), the chosen alternatives (column 3), the tentat ive treatment 
sequence (column 4) and the - estimated - number of treatment 
sessions (column 5). Assuming that the Information acquired 
represents the quality of the problem solution, this quality 
can be measured In an absolute and a relat ive manner. 
Insight Into the absolute value of the solving strategies of 
both groups can be gained by comparing the results of the ana-
lysis with an expert judgment. An exper t judgment Is the (avei— 
aged) view of a number of experienced dentists concerning the 
patient problem. The expert Judgment will be determined by ha-
ving four explerenced dentists solve the PPP In question. Two 
of them part ic ipated as Instructors In the experimental course, 
while two were Involved In the education of the control group. 
Insight Into the relat ive value of the solving strategies can 
be gained by comparing the strategies of the groups to each 
other . 
A second method of determining the quality of the problem sol-
ving abilities of students will be by use of the multiple 
choice test (appendix 5) . All questions on this test relate to 
equivalent Intermediate phases In the problem solving process 
for both courses. The test results will re f lec t the available 
knowledge and reasoning of the students In treatment planning. 
For that purpose the multiple choice test will be analysed and 
the results described. 
5.6. Results 
A total of four ty -e lgh t experimental and t h i r t y - t h ree control 
students completed the test . For each question the results of 
the performed analyses will subsequently be described. 
5 . 6 . 1 . What Is the students' opinion of t reatment planning In 
general? 
Table 5 . 1 . presents the frequencies of the responses to 
questions 5, 6, 7 and 10 of the questionnaire. The frequencies 
of the control group (C) and those of the experimental group 
(E) are recorded. Nearly all students from both groups consider 
the planning of dental t reatment to be a necessary act iv i ty . 
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Both g r o u p s c o n s i d e r t r e a t m e n t p lanning t o be I m p o r t a n t t o 
t h e i r f u t u r e d e n t a l p r a c t i c e ; s c o r e s 3 and 4 a r e almost equal ly 
assigned. 
The s t u d e n t s In t h e e x p e r i m e n t a l c o u r s e r e f l e c t e d a s t r o n g e r 
r e l a t i o n s h i p between problem solv ing and t r e a t m e n t p lanning 
than t h e c o n t r o l s t u d e n t s . Both g r o u p s r e g a r d t r e a t m e n t p l a n ­
ning as a v e r y va luable p a r t of t h e d e n t a l c u r r i c u l u m . 
Table 5 . 1 . Results ( p e r c e n t a g e s ) t o Questions 5, 6, 7 and 10 
C o n c e r n i n g S t u d e n t ' s Opinion on T r e a t m e n t P l a n n i n g . 
( F o r meaning of s c o r e 1, 2, 3 and 4 see appendix 4) 
SCORE 
C/E m 1 2 3 4 
How f a r do you b e l i e v e t r e a t m e n t С 2 5.1 35.9 59.0 
p l a n n i n g t o be an e s s e n t i a l p a r t E 4 - 4.5 25.0 70.5 
of your study? 
How f a r do you b e l i e v e t r e a t m e n t С - 2.4 19.5 29.3 48.θ 
p lanning t o become an e s s e n t i a l p a r t E 4 - 4.5 50.0 45.5 
of f u t u r e c l i n i c a l d e n t l s t r y î 
To what ex ten t are problem s o l v i n g C I 5.0 5.0 52.5 37.5 
and t rea tment p lann ing r e l a t e d t o E 3 4.4 37.8 57.8 
each other? 
Is t rea tment p lann ing In your С - - 7.3 31.7 61.0 
o p i n i o n a usefu l o b j e c t i v e ? E 3 - 33.3 66.7 
m = number of missing values 
5 . 5 . 2 . What Is t h e s t u d e n t ' s opin ion of t h e c o u r s e In t r e a t m e n t 
p lanning which t h e y have completed? 
The f r e q u e n c i e s of t h e s c o r e s f o r t h e s e responses In t h e 
q u e s t i o n n a i r e r e l a t e d t o t h i s problem (2, 3, 4, 8 and 9) were 
c a l c u l a t e d and r e c o r d e d In Table 5 . 2 . The r e s u l t s I n d i c a t e t h a t 
t h e e x p e r i m e n t a l s t u d e n t s assign a h igher value t o t h e i r c o u r s e 
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T a b l e 5 . 2 . Results ( f r e q u e n c i e s ) t o Quest ions 2, 3, 4, θ and 9 
C o n c e r n i n g S t u d e n t ' s Opinion on T h e i r T r e a t m e n t 
P lanning C o u r s e . 
SCORE 
C/E m 1 2 3 4 
What Is your o p i n i o n as t o t h e С - - 26.8 58.5 14.6 
design of the course? E 4 - 4.5 43.2 52.3 
What was your a p p r e c i a t i o n of the С - - 12.2 68.3 19.5 
course? E 5 - 14.0 53.5 32.6 
What Is your assessment of the С 1 - 42.5 57.5 
competence of your teacher? E 3 - 4.4 48.9 46.7 
How would you r a t e the l o g i c o f t h e С - 7.3 17.1 51.2 24.4 
method f o r denta l problem s o l v i n g ? E 3 2.2 4.4 37.8 55.6 
How would you r a t e the c learness of С - 4.9 24.4 41.5 29.3 
t h e problem s o l v i n g methodì E 5 2.3 11.6 30.2 55.8 
number of missing values 
than did t h e c o n t r o l s tuden ts . Both g roups expe r i enced t h e 
cou rse as a g r e e a b l e . The c o n t r o l group Judged t h e asslstence by 
f a c u l t y as being more sk i l l fu l t h a n did t h e exper imen ta l g r o u p . 
The expe r imen ta l s tudents cons ide red t h e method of t r e a t m e n t 
p lanning more logical and e v i d e n t t han t h e c o n t r o l s tuden ts . 
5 . 6 . 3 . To what e x t e n t do t h e app l ied t r e a t m e n t p lanning fo rm 
and t h e eva lua t ion system f u l f i l t h e i r func t ions? 
The level 2 t r e a t m e n t p lanning f o r m dist inguishes among t h e 
fo l lowing aspects: 
- the Intermediate phases represented by a checklist 
- the opportunity for self-evaluation by students for each In-
ter in iate phase 
- the f ield "evaluation student" 
- the field " f inal grade" 
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- the field "evaluation preceptor" 
- t h e eva lua t i on system on t h e backs ide . 
The aspect " eva lua t i on p r e c e p t o r " will no t be eva lua ted In t h i s 
study because t h e main I n t e r e s t Is In t h e use of forms by 
s t uden t s . Besides, t h e t r e a t m e n t plans were eva lua ted by only 
f ou r p r e c e p t o r s . 
The check l i s t of I n te rmed ia te phases can be t r a c e d In all e x -
pe r imen ta l t r e a t m e n t plans. Many s tudents omi t ted t h e Intel— 
mediate phase " a d j u s t e d t r e a t m e n t sequence" because th i s r e -
qu i red t h e consu l ta t i on of t h e p a t i e n t which was no t possible 
du r ing the examina t i on . Other s tuden ts s imulated a consu l ta t ion 
and con t i nued t h e solv ing p rocess . 
When t h e comple ted t r e a t m e n t plans f o r t h e PPP were analysed, 
seventeen of t he f o u r t y - e l g h t expe r imen ta l s tudents who 
a t tended t h e t e s t (35,4 %) had eva lua ted themselves by using one 
o re more f i e lds on t h e f o r m , f o u r t e e n of these seventeen 
s tuden ts eva lua ted all I n t e r m e d i a t e phases In t h e so lv ing 
p rocess . The remain ing t h r e e c o n f i n e d themselves t o r e c o r d i n g 
the f ina l g r a d e . Fou r t een o u t of seventeen s e l f - e v a l u a t o r s 
awarded themselves the h ighest s c o r e on t h e r a t i n g scale, g rade 
4 . The remain ing t h r e e assigned a 3 .0 , 3.7 and 3.7 t o t h e i r 
t r e a t m e n t p lan . 
Question 13 of t h e ques t i onna i re e x p l o r e d t h e g rade which s t u -
dents expec ted t o r e c e i v e f o r t h e i r t r e a t m e n t p l an . The 
p r e d i c t i o n of t h e g rade was possible t o one decimal p l ace . 
Tab le 5 . 3 . Ind ica tes t h e f r e q u e n c i e s of t h e expec ted grades, 
d iv ided In to t h r e e I n t e r v a l s . 
Table 5 . 3 . Expec ted Grades (pe rcen tages ) A r r a n g e d Within 
T h r e e I n t e r v a l s . 
GRADE INTERVALS 
m 2 .0 -2 .9 3 .0 -3 .9 4.0 
Cont ro l group 8 15.2 81.8 3.0 
Experimental group 9 7.7 71.8 20.5 
m = number of missing values 
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The p e r c e n t a g e s of e x p e r i m e n t a l s t u d e n t s In t h e c a t e g o r y 2.0 -
2.9 and 3.0 - 3.9 a r e low In c o m p a r i s o n t o t h e c o n t r o l s t u d e n t s 
while t h e o p p o s i t e o c c u r s In t h e high c a t e g o r y . This I n d i c a t e s 
t h a t t h e s t u d e n t s In t h e e x p e r i m e n t a l g r o u p awarded themselves 
a h i g h e r g r a d e t h a n did t h e c o n t r o l s t u d e n t s . 
In o r d e r t o I n v e s t i g a t e possible d i f f e r e n c e s between t h e e x p e ­
r i m e n t a l s e l f - e v a l u a t o r s and t h o s e who did n o t e v a l u a t e t h e m ­
selves, t h e e x p e c t e d g r a d e s f o r each g r o u p were a v e r a g e d . The 
means and s t a n d a r d d e v i a t i o n s a r e r e c o r d e d In Table 5 . 4 . 
For compar ison among t h e t h r e e g r o u p s ( e x p e r i m e n t a l self 
e v a l u a t o r s , e x p e r i m e n t a l n o n - e v a l u a t o r s and c o n t r o l s t u d e n t s ) 
t h e mean e x p e c t e d g r a d e of t h e c o n t r o l g r o u p was c a l c u l a t e d . 
These data r e v e a l t h a t t h e s e l f - e v a l u a t o r s In t h e e x p e r t m e n t a l 
g r o u p e x p e c t e d a h igher g r a d e t h a n did t h e n o n - e v a l u a t o r s . The 
Table 5 . 4 . Means and S t a n d a r d Dev iat ions of E x p e c t e d Grades 
f o r T r e a t m e n t Plans. 
EXPERIMENTAL GROUP CONTROL GROUP 
s e l f - e v a l u a t o r s n o n - s e l f - e v a l u a t o r s 
η = 14 η = 25 η = 33 
(3 miss ing) (6 miss ing) (θ miss ing) 
Mean 3.59 3.16 3.15 
s . d . 0.42 0.47 0.36 
e x p e c t e d g r a d e s of e x p e r i m e n t a l n o n - e v a l u a t o r s and c o n t r o l 
s t u d e n t s were a t t h e same level suggest ing t h a t t h e 
e x p e r i m e n t a l n o n - e v a l u a t o r s a c t e d as If t h e y had no g r a d i n g 
system at t h e i r d isposal . 
5 . 6 . 4 . I f s t u d e n t s apply t h e knowledge gained In a t r e a t m e n t 
p lanning c o u r s e t o a s imulated p a t i e n t problem what will 
be t h e q u a l i t y of t h e problem solut ion? 
I t was r e p o r t e d In p a r a g r a p h 5 . 5 . 2 . t h a t t h i s problem f o r m u l a ­
t i o n f a l l s I n t o two c o m p o n e n t s . The r e s u l t s of t h e analysis of 
t h e PPP will be d e s c r i b e d f i r s t ( p a r a g r a p h 5 . 6 . 4 . 1 . ) and t h e 
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results of the cognitive multiple choice test will follow (pa-
ragraph 5.6.4 .2 . ) . 
5 .6 .4 .1 . The results of the analysis of the PPP 
The analysis of treatment plans constructed by the students 
produced the following results. 
Table 5.5. Indicates a survey of the number of students ( f i r s t 
column), who have Identified a certain problem. To allow a 
comparison between the experimental group and the control 
group, the percentages of Identified problems are recorded In 
column 2. The category " Incor rec t problems" consists of matters 
which students consider as problems but which are not. Examples 
of these non-problems are as follows: "a poor brushing method" 
(but the patient data base provided did not Indicate that the 
patient used a poor method) and "the patient Is a poor too th -
brusher". 
The category "other problems" consists of problems which can be 
considered as cor rec t ly Identif ied but which students are not 
yet required to Identify. An examples of "other problems" Is 
"recession of the gingiva". The students should have recognized 
the Issues recorded above the dotted line In Table 5.5. as 
problems on the basis of available knowledge. They are not 
expected to recognize or solve those problems which are printed 
beneath the dotted l ine. 
In terpret ing the categories above the dotted line the dif-
ferences between both groups appeared t o be small. Only the 
categories plaque, decalcifications and pocket 26 showed 
Interpretable differences. Comparltlvely more control students 
Identified decalcifications as a problems than did the 
experimental students. The pocket near tooth 26 was more often 
Identified as a problem by the experimental students. 
The presence of plaque was Identified by the control students 
more often than by the experimental students. Many experimental 
students Identified the problem "plaque" as "poor brushing 
method". Since this was a conclusion rather than a problem-
Identif ication, It was regarded as an Incorrect problem. 
Therefore, the percentage of Incorrect problems were higher In 
the experimental group. 
Only half of all students, control students (47?) and exper i -
mental students (52 %), regarded the use of sugar as a problem. 
Gingivitis and decalcifications were properly Identif ied as 
problems. 
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Table 5.5. Identified Problems and Their Categorization Into 
Problem Fields. An asterisk (*) Indicates the expert 
j udgment 
PROBLEM FIELDS 
η % per car per/car rel other no cat PROBLEM 
use of sugar E 25 52 20 60 20* 
С 18 47 29 59 12 — — 1 
plaque E 39 81 82 8 10* 
С 35 92 66 6 29 
gingivitis E 46 96 100* — — — — 
С 37 97 100 — 
décalcifie. E 36 75 — 97* 3 
С 34 90 100 — — — 
pocket 26 E 13 27 100* — 
С 5 13 100 — — — — 
unacc. rest. E 48 100 54 19 27* 
С 37 97 22 46 30 — 3 
carles 11 E 47 98 2 96* 2 
С 38 100 — 100 — ~ — 
carles 37 E 46 96 2 96* 2 — 
С 38 100 — 100 
marg frac 15 E 32 67 16 78 6 
С 23 61 — 100 — — — 
absence 45 E O O — — 
С 4 11 — — ~ 100* — 
abrasion E 2 4 -- — — 100* — 
С 5 13 ~ — — 100 
absence M3s E O O - - - -
С 1 3 — — — 100* — 
Incorr probi E 31 65 68 19 13 
С 19 50 53 21 26 — ~ 
other probi E 16 33 50 38 13 — — 
С 10 29 40 30 10 20 
η = number of students who Identified the problem 
% = percentage of students who Identified the problem 
per = per1odontology-fleid 
car = carlology-fleid 
per/car = combined per- and car-field 
rel = relation between maxilla and mandible 
other = other problem field 
no cat = no categorization made 
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The problem "pocket 26" was presented In a periodontal status 
In the PPP. The patient data In the PPP Indicated that the 
patient had no deep pockets. Obviously this confused the 
students. They Inferred that there were no pockets present and 
did not continue the periodontal examination. 
The unacceptable restorations (overhang) and the carious 
lesions In tooth 1 1 and 37 were Identif ied by all students. 
Only 2/3 of the students noted the problem of the marginal 
f rac tu re at the restorat ion of tooth 15. This Is remarkable be-
cause the status of the dentition Indicated clearly that the 
restoration on this tooth must be replaced. 
The problems "absence 45", "abrasion" and "absence of the th i rd 
molars" were Identif ied by students In only few cases. 
Table 5.5. also Indicates the categorization of Indentlfled 
problems In problem fields. An asterisk Indicates the problem 
field to which a certain problem was assigned by the experts. 
The majority of the problems are categorized cor rec t ly by both 
groups. The categories "use of sugar", "plaque" and "unaccep-
table restorat ions" do not correspond with the exper t 
Judgments. However, the distinction Is not as evident as the 
table suggests because the experts categorize these problems in 
both the PER and In PER/CAR fields. The students generally 
categorize the problems In the PER- or In the CAR-f leld. The 
emphasis was placed upon PER by some student while others 
emphasized CAR. The students who Identified the problems 
"absence 45", "abrasion" and "absence th i rd molars" categorized 
them properly under the REL- f le ld . 
Table 5.6. Indicates in percentages which treatment al ternat ive 
students chose for each problem. A distinction was made between 
the experimental group and the contro l group. An asterisk In 
the table Indicates the al ternat ive of choice by the experts. 
The column "Indistinct connection between problem and solution" 
Indicates the percentage of t reatment alternatives for which It 
Is di f f icul t to relate the solution to one part icular problem. 
The column "plan Is not f inished" contains the cases In which a 
student was not able to complete the treatment plan. The column 
"other a l ternat ive" contains all t reatment alternatives not 
outlined separately In this table. 
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Table 5 . 6 . Percentages of Chosen Treatment A l t e r n a t i v e s per 
I d e n t i f i e d Problem. An a s t e r i s k (*) I n d i c a t e s the 
Expert Judgment. 
CHOSEN TREATMENT ALTERNATIVES 
E 
PROBLEM С η 1 2 3 4 5 6 7 8 9 10 1 1 1 2 
use of sugar E 25 — — — — 83* — — 4 - - — 1 4 
c 18 — — — — 94 — — — ~ 6 
plaque E 39 26 — — — — 59* — 3 5 - - — 8 
С 35 9 — — — — 29 3 3 — 50 1 6 
g i n g i v i t i s E 46 24 — — — — 65* — 2 4 — - - 4 
С 37 17 — — ~ — 25 — 3 — 53 1 3 
d é c a l c i f i e . E 36 17* — 11 31 — 3 37 — - - ~ 1 ~ 
С 34 13 — — 17 — — 40 — — 30 4 — 
pocket 26 E 13 8 23 θ — — 31 — — 8 - - - 23 
С 5 20 — — — ~ ~ — — — 40 — 40 
unacc. r e s t . E 48 — 83* 13 — ~ - - — — 5 — 
С 37 — 94 3 3 — — — — — — 
c a r l e s 11 E 47 — — 96* — — — — — 5 — 1 — 
С 38 — — 100 — — — — — — « 
c a r l e s 37 E 46 — — 70* — 3 — — — 4 — 
С 38 — — 76 - - — — - - — ~ — 
marg f r a c 15 E 32 — — 97* ~ — — — 3 — — 
С 23 — 4 96 — ~ — — — — — 
absence 45 E — — — — — — — — — — — — — 
c 4 __ __ __ __ __ __ __ __ __ __ 
abras ion E 2 — — — — — — — — — — 2 — 
c 5 __ __ __ — __ __ __ — __ — 5 __ 
absence M3s E 0 — — — — — — — — — — — — 
c Ì „ __ __ __ __ __ __ __ __ __ Ì __ 
Incor r probi E 31 19 — 3 — — 58 — 7 7 — 
c 1 9 __ __ __ __ __ 22 — 11 — 61 1 — 
other probi E 16 13 — — 7 13 40 13 -- 7 — 1 13 
С 11 — __ __
 1 3 25 — 13 — — 38 3 13 
η = number of students who Identified the problem 
1 = preventive measures 
2 = repollsh restoration 8 = patient motivation 
3 = restoration amalg/compos 9 = plan Is not finished 
4 = keep under attention 10 = Indistinct connection 
5 = dietary advice between problem and solution 
6 = oral hygiene Instruction 11 = number of students who 
7 = fluoride application 12 = other alternative 
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All students were unanimous concerning "use of sugar" . The 
treatment al ternat ive of choice was a dietary advice. Few 
differences between both groups of students and the experts In 
regarding the t reatment alternatives for the problem "unaccep-
table restorat ions", "car les" and "marginal f r a c t u r e " were 
observed. For preventive problems like plaque, gingivitis, 
decalcifications and the pocket, many contro l students did not 
clearly Indicate which alternative was chosen for which 
problem. This phenomenon rare ly occurs In the experimental 
group. Thus comparison between the experimental group and the 
control group Is considerably more d i f f icu l t . I t can be noted 
that the experimental group considered oral hygiene Instruction 
to be a solution for the problems plaque and gingivitis while 
1/4 of these students expected a combination of preventive 
measures (Including oral hygiene Instruction In most cases) to 
be beneficial. 
Both the experimental and the control group most often chose 
f luoride application and "keep under at tent ion" as a solution 
for the decalcif ications. A relat ively small group of students, 
17$ experimental and 13$ control students, chose a combination 
of preventive measures. The expert also gave preference to a 
combination of preventive measures. For the problem "pocket 26" 
the two groups and the experts chose "other a l ternat ives" . A 
curettage of the pocket and deep-scaling were mentioned most 
f requent ly. For the problem dealing with the overhanging 
restorat ion In tooth 27 near the pocket, 23$ of the 
experimental students who recognized the Insufficient 
restorat ion as a problem chose to remove the overhang. Twenty 
percent of the control students approached this problem with a 
combination of preventive measures. The carles problem, lingual 
of tooth 37, was denoted In the status of the dentition as a 
" large cavity close to the pulp". This Induced twenty- three 
percent of the students, who had noticed this problem, to 
suggest endodontic therapy and/or a full crown. 
No treatment alternatives were generated In the t reatment plan 
for the REL-problems "absence 45", "abrasion" and "absence 
th i rd molars". The students who noted these as problems left 
them unsolved. 
Another dif ference between the control group and the exper i -
mental group Is the total number of problems that each group 
left unsolved In resolving the PPP. In the control group the 
number of unsolved problems Is 20 out of a tota l of 305 
observed problems. In the experimental group the f igures are 6 
unsolved problems out of 380 observed problems (7 % versus 2 % ). 
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To gain an Impression of the sequence In which problems were 
solved, Table 5.7. was constructed. In this table the 
percentages of students are recorded who planned to solve a 
certain problem prior to , or simultaneously with, other 
problems. The upper row represents the experimental group and 
the lower row re fers to the control students. The table 
Indicates the percentages of the chosen treatment alternatives 
to the problems, mentioned horizontally and denoted by numbers, 
to be conducted pr ior to or simultaneously with the chosen 
alternatives to the problems recorded vert ical ly and denoted by 
name. For example, in the experimental group seventy-f ive 
percent of the chosen alternatives for the problem of plaque 
(number 2) are planned to be completed pr ior to or simul-
taneously with the solutions for the problem "use of sugar". 
Since no students mentioned treatments alternatives to the 
problems "absence 45", "abrasion" and "absence th i rd molars", 
these problems are not Included In Table 5.7. 
For proper Interpretat ion of the table It Is Important to note 
tha t more experimental-group than contro l -group students ap-
pointed a treatment sequence for each Individual problem. In 
the control group the t reatment sequence was expressed Inpre-
clsely by planning treatment per session rather than per 
problem. For Instance, during the f i r s t session five problems 
were planned to be solved by some control student, but no 
Indication was appointed as to which problem was to be solved 
f i r s t . Therefore, In determining the t reatment sequence these 
problems all received sequence number one. Hence, the 
experimental-group students appointed thei r t reatment sequence 
more accurately than the control group. 
The treatment alternatives dealing with the problems of t r e a t -
ment pr ior i t ies can globally be devlded Into two categories. 
"Use of sugar", "plaque", "gingivi t is" and "pocket 26" are 
among the problems In the category that received a high 
pr io r i ty from both groups as compared with the solutions for 
the problems "car les 1 1 " , "car les 37" and "marginal f rac tu re 
15". The pr io r i ty of "decalci f icat ions" f luctuated In between. 
The experimental group clearly considers this problem to belong 
to the low pr io r i ty category while the control group assigned 
the problem a high p r i o r i t y . The difference between both groups 
concerning this problem Is evident. 
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Table 5.7. Percentages Chosen Alternatives to Problems 
(mentioned horizontally by numbers) to be Conducted 
Prior to or Simultaneously with the Chosen 
Alternatives to Other Problems (mentioned vertically 
by name). 
PROBLEM 
use of sugar 
pi aque 
gingivitis 
decalclfIclons 
pocket 26 
un ace. rest. 
carles 11 
carles 37 
marg frac 15 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
1 
— 
65 
94 
59 
94 
93 
100 
75 
100 
96 
95 
92 
Θ9 
83 
79 
95 
86 
2 
75 
71 
— 
— 
89 
97 
94 
100 
89 
100 
91 
94 
88 
90 
76 
84 
89 
91 
PROBLEMS 
3 
73 
72 
83 
97 
— 
— 
91 
100 
92 
100 
95 
94 
90 
88 
78 
85 
94 
91 
4 
14 
47 
18 
67 
22 
71 
— 
— 
38 
60 
52 
75 
44 
71 
28 
75 
41 
63 
5 
75 
75 
78 
75 
67 
100 
88 
100 
— 
— 
92 
80 
83 
80 
75 
75 
90 
80 
6 
12 
20 
11 
13 
7 
16 
60 
33 
17 
20 
~ 
« 
43 
37 
36 
34 
50 
44 
7 
8 
21 
15 
16 
12 
18 
68 
29 
17 
40 
68 
71 
— 
— 
63 
33 
84 
79 
8 
21 
37 
30 
35 
28 
33 
80 
46 
33 
25 
73 
74 
93 
83 
— 
— 
86 
92 
9 
5 
14 
11 
9 
6 
9 
73 
38 
10 
20 
71 
68 
41 
29 
24 
13 
— 
— 
10 
73 
82 
70 
93 
78 
93 
100 
100 
89 
100 
86 
100 
89 
94 
81 
94 
91 
100 
11 
70 
67 
42 
50 
58 
60 
75 
83 
40 
50 
80 
78 
77 
60 
57 
78 
75 
50 
Incorr problem E 64 91 89 13 56 17 14 26 9 — 45 
С 91 100 100 73 100 13 18 31 0 — 83 
other problems E 70 100 92 50 100 27 23 43 25 91 — 
С 100 100 100 83 100 44 40 33 50 100 — 
1 = use of sugar 
2 = piaque 
3 = gingivitis 
4 = decalcifications 
5 = pocket 26 
6 = unacceptable restoration 
7 = carles 11 
8 = carles 37 
9 = marginal fracture 15 
10 = Incorrect Identified problem 
11 = other problems 
132 chapter 5 
From the position In the t reatment sequence of the chosen 
alternatives for the problem "use of sugar" In comparison with 
the solutions for plaque, gingivitis and pocket 26 It may be 
concluded that the experimental group assigned a lower p r i o r i t y 
t o this problem than did the control group. The column-
percentages under "use of sugar" (number 1) suggests a 
di f ference between both groups of at least twenty-f ive percent. 
However, this Inference Is not consistent with the data 
mentioned In the horizontal row next t o "use of sugar". These 
f igures Indicate minimal differences In p r i o r i t y of the 
alternatives for the problems "plaque", "gingivit is" and 
"pocket 26" versus "use of sugar". The observed percentages are 
approximately seventy-five percent for both groups. This 
phenomenon Is caused by the fact t h a t the control students more 
frequently attached the same p r i o r i t y t o various problems than 
the experimental students. Thus, differences among prior i t ies 
become less evident. The same phenomenon can be observed If the 
percentages In columns and rows of "carles 1 1 " and "carles 37" 
are compared with each another. 
Additionally, the table Indicates the high p r i o r i t y given by 
the students to the " I n c o r r e c t identif ied problems" and to the 
"other problems". This Indicates t h a t these problems have a 
similar urgency or Importance as "use of sugar", "plaque", 
"gingivit is" and "pocket 26". 
In order t o complete an analysis of the expected relation be­
tween the actual time required to conduct the proposed t r e a t ­
ment and the planned treatment time In sessions, the suggested 
alternatives were Indexed. Each planned activity was denoted 
with an amount of time which corresponds with the time 
estimated In sessions, that a second-year student would require 
to complete all planned activ it ies. A session was presumed to 
be three hours In durat ion. Table 5.Θ. Indicates a survey of 
the time Indices. 
In addition, the mean required time, based on the Index, was 
calculated f o r the number of planned activit ies and are denoted 
as "object ive required time" In Figure 5 . 1 . The mean objective 
required time varies from ten to fourteen hours. A group of 
nine experimental and five control students did not state an 
estimate of the required time (denoted as "subjective required 
time") and the time estimation of two experimental students 
were excluded because of unlnterpretable formulat ion. 
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Figure 5 . 1 . also depicts differences between both groups of 
students. I η each t reatment period t h e r e are differences of one 
to two hours between experimental and control students 
(horizontal axis). The period of f i f teen hours Is an exception. 
These differences will be discussed more extensively In the 
description of Figure 5.2. 
Table 5.8. Index of the Planned A c t i v i t i e s . 
Activity Number of three-hour sessions 
preventive measures 
repollshlng restorations 
restoration amalgam/composite 
keep under attention 
dietary advice 
oral hygiene Instruction 
fluoride application 
patient motivation 
other alternatives 
remaining activities 
0.50 
0.75 
0.75 
0.00 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
required time (objective) hours — 
16 -
14 
13 
12 
11 -
/ 
О EXPERIMENTAL GROUP 
• CONTROL GROUP 
% 
required time (subjective) 
Figure 5.1 . A comparison of treatment time planned by students 
and treatment time actually requi red. 
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Another deduction from Figure 5 . 1 . Is that few students are 
capable of estimating the required treatment time exactly. 
Students who thought they could solve all observed problems 
within six hours, in fact required ten to twelve hours. The 
students with a planned treatment time of twelve hours also 
underestimated the required time by two to four hours in 
average. The students who had planned twelve hours required 
eleven to twelve hours. The remaining students planned more 
time than they actually r e q u i r e d . 
To study the differences between planned time and required time 
In more detail, the objective required time was subtracted from 
the planned time. A negative result Indicates a shortage of 
planned time while a positive outcome indicates a surplus of 
planned treatment time. The outcomes of these subtractions were 
grouped in time intervals of t h r e e hours, the duration of a 
clinical session. If no difference existed between the planned 
and the required time, this case was assigned to the "+3 
group". In discussing Figure 5.2. an I n c o r r e c t planning of 
three hours, being approximately one clinical session, was 
considered acceptable. Figure 5.2. indicates t h a t almost half 
of both the experimental-group and control-group students had 
an acceptable shortage or surplus of t ime. The numbers of 
students decreases In the categories of extreme 
student percentage 
• EXPERIMENTAL GROUP 
Γ Ί CONTROL GROUP 
]_n 
Subjective required t ime minus objective required t i r r 
Figure 5.2· Shortages and surplusses In planned treatment time. 
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shortages and surplusses. Fourty-e lght percent of the students 
who made an estimate of the required time exceeded the 
acceptable limit of one clinical session. The differences 
between the experimental group and the control group were 
small. The experimental students tended to underestimate the 
time required whereas the control students tended to plan an 
excess. 
5.6.4.2. The results of the cognitive test 
Before the test's result can be Interpreted the rel iabi l i ty of 
the test must be determined. Reliability In this respect 
relates to the consistency with which the test measures skills, 
disregarding the goal of the test (Dousma and Horsten, 19B0). 
The rel iabi l i ty of a test must be adequate to allow Intel— 
pretatlon of the test results. For this purpose the tes t -
rel labl l l ty was examined by calculating the frequencies of the 
responses to the multiple choice questions. In addition, for 
every test-Item p-values and Item-remainder correlat ions were 
determined. The p-value Is defined as the number of students 
that answered an item or question cor rect ly , divided by the 
total number of students. An Item-remainder corre lat ion Is a 
dlscrlmlnltlon Index and Indicates to what extent a part icular 
Item measures what the ent i re test measures. 
Table 5.9. summarizes the percentages, the p-values and the 
Item-remainder corre lat ions for Items and alternatives. An 
asterisk Indicates the co r rec t a l ternat ive. The Items can be 
traced In appendix 5. 
For a test, that distinguishes properly between good and poor 
performance, the p-values should be neither high nor low. 
Extremely high values Indicate that the Incorrect alternatives 
are too easily eliminated by students resulting In an Increased 
chance of choosing the co r rec t a l ternat ive. For a test with 
four al ternat ive answers a p-value of .63 Is considered to be 
an optimal p-value (De Groot and Van Naerssen, 1969). Questions 
6, 9, 11, 12 and 15 in the test appear to have a very high p-
value. The Incor rec t alternatives were rarely chosen. There-
fore, these questions do not measure the knowledge of students 
properly and, consequently, they cannot be Included In the 
determination of student's performance. Low p-values originate 
from questionable or Incorrect alternatives; an Incorrect 
alternative Is chosen more often than the cor rec t a l ternat ive. 
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Table 5.9. Item-analysis with Percentages of Chosen Altei— 
natives, p-values and Item-Remainder Correlations. 
An asterisk (*) Indicates the correct alternative. 
(The Items are explained In appendix 5). 
ITEM ALTERNATIVES 
E/C 1 2 3 4 ρ rlr 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
E 
С 
27 
15 
19 
22 
6 
7 
48 
41 
6 
7 
98* 
88 
31 
71 
60* 
71 
2 
2 
19 
5 
8 
10 
0 
2 
8 
10 
2 
5 
96* 
85 
17 
20 
35 
32 
19 
24 
50* 
54 
10 
10 
0 
0 
0 
0 
0 
2 
94* 
78 
65* 
76 
2 
0 
4 
5 
0 
7 
13 
12 
0 
2 
46* 
54 
40* 
32 
71* 
66 
2 
5 
69 
76 
2 
10 
63* 
29 
38 
27 
4 
17 
0 
7 
2 
0 
0 
0 
35* 
10 
17* 
20 
4 
12 
10 
12 
6 
15 
4 
2 
0 
0 
15* 
7 
0 
2 
6 
0 
2 
0 
0 
2 
17 
12 
88* 
90 
96* 
93 
56 
73 
69 
63 
0 
0 
.46 
.54 
.40 
.32 
.71 
.66 
.50 
.54 
.15 
.07 
.98 
.88 
.63 
.29 
.60 
.71 
.94 
.78 
.65 
.76 
.88 
.90 
.96 
.93 
.35 
.10 
.17 
.20 
.96 
.85 
.14 
.02 
.15 
-.32 
-.12 
.00 
-.01 
-.08 
-.08 
-.02 
.29 
.22 
.09 
.13 
-.07 
-.15 
.22 
.15 
.04 
.06 
.14 
-.19 
.17 
.18 
-.03 
.13 
.13 
-.33 
.04 
.20 
Mean p-vaIue experimental group = .61 s.d. = .27 
Mean p-value control group = .56 s.d. = .32 
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For this reason Items five and fourteen will be excluded from 
the Interpretat ion of the test results. After omitting those 
tests Items the mean p-values of .61 for the experimental and 
.56 for the control group suggest a reasonable test . (A p-value 
of .50 with 50? of the students choosing the c o r r e c t 
alternative Is considered Ideal). However, the mean p-values 
are strongly Influenced by the presence of extreme values, as 
can be concluded from their standard deviations. 
The negative Item-remainder correlat ions Indicate t h a t the 
students who answered this question c o r r e c t l y scored low In the 
remaining questions. This Implies that these questions, as well 
as the questions with a low positive Item-remainder c o r r e l a ­
t ion, do not measure what the test Intended t o measure. They 
reduce the test's re l iab i l i ty . A f u r t h e r complication In 
Interpret ing this test Is provided by Dousma and Horsten (1980) 
who suggest that standards for discrimination Indices, like an 
Item-remainder c o r r e l a t i o n , should be Interpreted careful ly, 
especially In groups with less than 100 subjects. Small numbers 
of students af fect the rel iabi l i ty of the test . Table 5.8. 
Indicates that negative Item-remainder correlat ions In this 
test are common. All positive correlat ions are smaller than 
.30, which Is very low. Therefore, most questions do not 
discriminate adequately between students who have suff icient 
knowledge and those who do not. Questions 1 and 2 discriminate 
better In the experimental group, while question 1 3 more 
effectively discriminates In the control group. 
The data described reveal t h a t the test results cannot be used 
t o measure the available knowledge the students have concerning 
treatment planning. The test appears to be Invalid which makes 
conclusions doubtful l . 
5.7. Discussion 
In the Introduction I t was remarked, t h a t limitations Influence 
the experiment and consequently the results provide a limited 
Impression of the effects of the research variables. The non-
statlstlcal manner In which the results were described, do not 
produce Indisputable conclusions. However, Indisputable 
conclusions are not required to Improve several constituent 
experimental variables. Adjustments of the Ρ SM, the treatment 
planning form and the evaluation system using the experimental 
results will be described. 
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The level 2 problem solving cycle was the only aspect of the 
PS M that was Investigated In the experiment. Neither data 
gathering nor the urgency oriented approach of the PS M In 
dental problem solving which basically underlie the PSM, could 
Influence the experimental results. Thus, the problem solving 
cycle on level 2 was compared with an existing method and the 
results Indicate that the experimental method Is at least 
comparable to the existing one. 
The Instructional methods employed in the experimental course 
(paragraph 5.4.2.3.) were dictated by the existing course. The 
purpose was to assure that undeslred variables did not bias the 
experiment. This Implies that other Instructional methods can 
be util ized In such course. The manner In which problem solving 
skills are acquired varies among students. In learning problem 
solving abilities an Individualized course with e.g. programmed 
Instructions, appears appropr iate. This suggestion Is 
consistent with Gal'perln's theory that , after a basis for 
orientation (the PSM) has been of fered, a person must conduct 
problem solving acts extensively and systematically. If 
students have mastered the comprehension, which Is an 
Individual character ist ic , they Individually should abrevíate 
the acts to Increase the effectiveness of the problem solving 
process. 
During the experiment the students found themselves In the 
phase of conducting the problem solving process verbally and 
unabrevlated. Students stated that learning these skills 
through constructing treatment plans Is essential and valuable 
to both thei r study and fu ture dental pract ice (Table 5.1.) . 
The experimental students appreciated thei r course more than 
did the control students (Table 5 .2 . ) . The experimental stu-
dents valued their t reatment planning method as believing It to 
be more logical and clearer compared to the control students. 
Apparently the PSM treatment planning strategy appeals to 
students. This di f ference cannot be explained by the difference 
In the employed problem solving methods only. Differences 
between the experimental course and the control course comprise 
the level 2 planning form and the evaluation system. I t Is 
therefore likely that differences In appreciation also proceed 
from these variables. 
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The checklist with Intermediate phases on the level 2 form 
appears to be used cor rec t ly by most experimental students. The 
opportunity for self-evaluation on this form, however, was 
rarely used. Only t h i r t y - f i v e percent of all experimental 
students recorded their estimated grades on the form. This does 
not necessarily Imply tha t the students who did not evaluate 
themselves visibly, made no use of the evaluation system. 
Students may have been guided by the cr i te r ion descriptions on 
the back of the form without expressing this on paper. To 
stimulate self-evaluation on the form at each Intermediate 
phase, a separate column for this purpose can be added on the 
r ight side of the form. Although the availability of a self-
evaluation system did not lead to better problem solving. It 
did stimulate se l f - ra ters to expect a higher grade for their 
treatment plan than students who did not evaluate themselves 
(Table 5 .4 . ) . I t would be Interesting to compare the "expected 
grades" with the grades tha t faculty would assign, but the 
manner In which the plans of the control group were evaluated 
was d i f ferent from the one applied In the experimental group. 
Such a comparison could possibly result In misleading 
conclusions. 
No dif ference was observed between the experimental and the 
control groups regarding the quality of the problem solution. 
During problem Identif ication (Table 5.5.) only half of both 
groups of students consider the use of sugar by the patient In 
the PPP as a problem while other typical preventive problems, 
like plaque and gingivitis are often noted cor rec t l y . In the 
description of the PPP the following phrases related to this 
part icular problem: " . . . , but does not eat sweets very o f ten" , 
"In the morning she often drinks coffee with sugar" and 
" fur thermore l i t t le use of sugar". Students might have 
overlooked or misinterpreted the words "o f t en " , " l l t l e " and 
" fu r the rmore" , resulting In an Incor rect In terpretat ion. The 
expert findings Indicate that the problem Is relevant and that 
the t reatment al ternat ive should be a dletaty advice (Table 
5.6.) . To avoid similar situations In fu ture the problems In 
the PPPs must be stated unequivocally and clear. However, 
students should be expected to study the gathered patient data 
careful ly as patients can be ambiguous. 
Some abnormalities presented In the PPP such as the absence of 
a tooth and tooth abrasion are rare ly recognized as problems. 
This Is probably due to the fact that students at this stage of 
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their study did not receive Instruction In this area (paragraph 
5.4.1.2. ) . The few students who did Identify these problems, 
are capable of assigning them to co r rec t problem fields (Table 
5.5.), but they could not generate appropriate treatment a l ter -
natives (Table 5.6. ) . 
Many students Identif ied problems that did not occur In the 
description of the PPP. Experimental students showed a greater 
tendency In this regard than control students. The reason of 
this dif ference Is not clear, but It Is evident that failures 
are Introduced In reading the gathered patient data, In 
in terpret ing patient data and in recording problems on the 
fo rm. Apparently the solving Instructions Involved have 
insufficient e f fec t . To prevent students from failures 
additional education should be developed (chapter 7). 
The category "other problems" contained "recessions of gin-
giva", which was derived from the periodontal status, and "pa-
t ient eats much", mentioned In the description of the PPP. I t 
Is not erroneous to consider these matters as problems. These 
kind of problems received considerable attention In the second-
year module 205 which the students had completed prior to the 
treatment planning course. Also the expert dentists, who 
searched for problems In the PPP, either did overlook these 
problems or decided to "solve" them by doing nothing. 
Assigning numbers to problems In the experimental planning 
method caused the experimental students to state a treatment 
alternative for each Identified problem. This Is contrary to 
the existing treatment planning method In which one treatment 
alternative was stated for more than one problem (Table 5.6.) . 
Numbering the problems also resulted In very few unsolved 
problems. 
The categorized problem list appears to be Included In 
determining the treatment sequence (Table 5.7. ) . Typical PER-
problems like "use of sugar", "plaque", "gingivi t is" and 
"pocket 26" received a high p r io r i t y ; typical CAR-problems, 
like carles and marginal f rac tu re received a lower p r io r i t y . 
The experimental students persisted In using the categorized 
problem list In determining the sequence for the solution of 
the problem "decalci f icat ions"· They consider decalcifications 
as a CAR-problem and thus assigned It a lower p r io r i t y . The 
control students, who also placed the decalcifications In the 
"CAR"-f le ld deviated and assigned a high pr io r i t y to the chosen 
solution. 
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Both groups were not capable of estimating the required 
treatment time (Figures 5 . 1 . and 5 .2 . ) . This may be due to the 
fact that second-year students have no experience In this area, 
but this reason Is not valid If the shortage or surplus of 
planned treatment time up to three hours Is considered to be 
acceptable. Af ter this correct ion a relat ive large number of 
students exceeded the actual required t ime. The unablltty to 
estimate the required t reatment time might proceed from an 
Insufficient orientat ion to the problem solving method. To 
Improve the estimation of t reatment time, supplemental 
Instructions should be designed (chapter 7). In addition, 
students may learn this aspect of t reatment planning by using 
the form "progress notes" (chapter 4) which was not util ized In 
the experimental course. 
The minor differences In the quality of the problem solution 
between both groups Indicate that the experimental course Is 
equivalent to the control course. Moreover, the experimental 
course was presented for the f i r s t time whereas the control 
course had been Improved over several years. The experimental 
students support this hypothesis by noticing that thei r faculty 
was relat ively less skil lful (Table 5 .2 . ) . 
Furthermore, relevant aspects of the PSM were not Included In 
the experiment. 
The Inference that both courses are equivalent Is Important. 
The newly developed aids used to constructing the treatment 
plans have proven to be applicable. In addition, the results of 
the experiment allowed for Improvement of nearly all aids. 
142 chapter 5 
APPEND IX 1 
Educational objectlvesof the existing course 
At the end of the course a student Is able to : 
- observe all s t ructures and processes which are relevant to 
periodontal abnormalities and carles. 
- recognize nature and extent of both periodontal and carles 
processes and to recognize the development and the course of 
these abnormalities. 
- describe observation and recognition In terms of causes, p ro-
cesses and results and to formulate the problem. 
- eliminate the self-evidentness of the problem formulation by 
Introducing relevant arguments result ing In a more concise 
problem formulat ion. 
- provide an outline of the complex problem. 
- compare the problem formulation with off ic ial ly recognized 
problems for which standard solutions are available. 
- modify the standard solutions If necessary. 
- t ranslate the obtained data Into a t reatment plan In which 
t reatment time, costs, e tc . are specified and to discuss the 
treatment plan with the patient. 
- accomplish feedback of the treatment plan to the original 
problem formulation, to ver i fy the treatment sequence and to 
revise the t reatment plan, If necessary. 
chapter 5 143 
APPENDIX 2 
Educational objectives of the experimental course. 
Global object ive 
A student Is able to construct t reatment plans according to the 
Problem Solving Model for each Individual patient. 
Specific objectives 
At the end of a course a student Is able to : 
1. determine whether supplemental data should be obtained given 
the results of history, clinical and radlographlcal exami-
nation. 
2. analyse the collected data and to determine the findings. 
3. In terpre t the findings In such a manner that t reatment 
planning Is Init iated at the co r rec t level In the Problem 
Solving Model. 
4. apply the problem solving cycle at the level of Immediate 
treatment (level 1) and maintenance (level 4) and t o : 
a. translate the findings Into one or more objectives. 
b. present a problem l ist. 
c. generate t reatment alternatives for the Identified 
problems. 
d. analyse the treatment alternatives and to choose one 
a l ternat ive. 
e. Justify the choice, discuss the chosen alternatives with 
the patient and conduct t reatment . 
d. compare the results of the t reatment with the objec-
tlve(s) of the treatment plan, 
g. determine the level of t reatment to which the patient 
should be directed subsequently. 
5. apply the problem solving cycle at the level of t reatment of 
microbial and reconstruct ive problems (levels 2 and 3) and 
to : 
a. translate the findings Into one or more problems. 
b. present a problem list. 
c. categorize the problems Into problem fields. 
d. generate treatment alternatives for the Identif ied 
problems· 
e. analyse the treatment alternatives and to choose one 
a l ternat ive. 
f . Justify the choice. 
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g. describe a tentat ive t reatment sequence. 
h. compare the treatment alternatives with the objectlvets) 
of the treatment plan. 
I. c r i t i c ize and evaluate previous steps given an evaluation 
system. 
j . transform the tentat ive treament sequence Into a def ini-
t ive t reatment sequence given the results of self-
evaluation. 
k. discuss the treatment plan with the patient and to 
describe the results. 
I. modify the treatment sequence given the results of the 
case presentation. 
m. evaluate the obtained treatment results by comparing them 
with the objectlve(s) of the t reatment plan. 
n. determine the level of t reatment to which the patient 
should be directed subsequently. 
6. understand the logic of the Problem Solving Model and to 
re f lec t the Importance of the PS M to treatment planning. 
7. apply the Problem Solving Model In patient treatment. 
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APPEND IX 3 
Description of the employed Paper Patient Problem 
Observation 
The patient Is a th i r t y -one year old female. Her reason for 
visiting the Dental College Is prompted by the thought that her 
dental health would be In skil l ful hands. During the last year 
she had no complaints about her denti t ion. The patient says she 
Is healthy. She answers negative on questions concerning dia-
betes, hear t - and vascular diseases, hepatitis and hemorrhage. 
She Is not using any medicines, nor does she visit her 
phyclslan regular ly . The patient eats much but does not eat 
sweets very o f ten. In the morning she often drinks coffee with 
sugar. Furthermore l i t t le use of sugar. As to her oral hygiene 
the patient Is aware of her Incorrect brushing technique; she 
claims to know how It should be done. She brushes her teeth 
three times a day according to Stlllman's method combined with 
a mult l - tuf ted tooth-brush and toothpaste containing f luor ide. 
There are no other types of f luor ide Intake. Tooth brushing Is 
done In the morning after breakfast, In the evening after 
dinner and before she goes to sleep. 
Extraoral examination 
Her face Is symmetric and without swellings. The s t ructure and 
colour of her skin appear healthy. The submandibular and 
cervical lymphnodes are within normal limits. Her TMJ functions 
well. The lips Join stepless together. 
Intraoral examination 
Mucosa, lips, pharynx and tongue are within normal limits. 
As to teeth and surrounding tissues: 
- tooth 18, 28, 38, 45 and 48 were ex t rac ted. All other teeth 
have erupted. 
- a moderate amount of plaque Is found against all tee th . 
- there Is a moderate degree of gingivitis located llngually 
with emphasis upon the mandíbula. 
- two plaque retention spots, near tooth 1 1 and 37, are caused 
by carious lesions. Other retent ion Is provoked by 
overhanging restorations, not by calculus. 
- the periodontal status shows no deep pockets. 
- DMFS: recorded In the status of the dent i t ion. 
- Occlusion Is normal. 
- Art iculat ion: group guided. She used to grind her teeth, but 
not anymore. I t caused some abrasion at all Incisors. 
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A P P E N D IX 4 
EVALUATION OF THE TREATMENT PLANNING COURSE IN MODULE 261 
The results of this questionnaire will not Influence the grade 
of the test. However, to evaluate questions 13 and 14 It Is 
Important to know the identity of the respondent. 
Please answer the following questions by marking the grade of 
your choice. 
Student number: 
1. Did you use an orange syllabus during this course? 
(Were you In the experimental group?) 
no -1-:-2- yes 
2. What Is your opinion as to the design of the course? 
bad design —1 —:—2—:—3—:—4— good design 
3. What was your appreciation of the course? 
bad course —1 — :—2—: —3—:—4— good course 
4. What Is your assessment of the competence of your teacher? 
bad teacher —1 —:—2—:—3—:—4— good teacher 
5. How far do you believe treatment planning to be an essential 
part of your study? 
not essential —1 —: —2—:—3—:—4— very essential 
6. How far do you believe treatment planning to become an 
essential part of future clinical dentistry? 
not essential -1-:-2—:—3-:—4- very essential 
(to be continued on next page) 
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7. To what extent are problem solving and treatment planning 
related to each other? 
no relation —1 —:-2—:-3—:-4— much relation 
8. How would you rate the logic of the method for dental 
problem solving presented to you? 
not logical -1 -:-2-:-3-:-4- very logical 
9. How would you rate the clearness of the problem solving 
method? 
not clear —1 —:—2—:—3—:—4— very clear 
10. Is treatment planning In your opinion a useful objective? 
not useful —1 —:—2-:—3—:—4— very useful 
11. Did you encounter serious difficulties In constructing a 
treatment plan for this Paper Patient Problem? 
no difficulties -1 -:-2-:-3-:-4- many difficulties 
12. Did you find the multiple-choice questions difficult? 
not difficult -1-:-2-:-3-:-4- very difficult 
13. What Is your estimate of the grade for your treatment plan, 
constructed during the test? (Define one decimal place.) 
14. What Is your estimate of the grade for your multiple-choice 
test? (Define one decimal place.) 
15. Do you have any suggestions concerning treatment planning? 
(Use space below.) 
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APPEND IX 5 
The m u l t i p l e c h o i c e t e s t 
Student number: 
Please answer t h e f o l l o w i n g q u e s t i o n s by marking the most 
a p p r o p r i a t e i t e m . (Choose o n l y one Item f o r each q u e s t i o n . ) 
1 . The main o b j e c t i v e of a t r e a t m e n t plan Is: 
1 . t o d e t e r m i n e t h e t r e a t m e n t s e q u e n c e . 
2 . t o e s t i m a t e r e q u i r e d t r e a t m e n t t i m e and c o s t s . 
3 . t o e s t i m a t e t h e c o u r s e of t r e a t m e n t . 
4 . t o f a c i l i t a t e t r e a t m e n t . 
2. A p a t i e n t has t h e n e x t f o u r p r o b l e m s : 
a. c a l c u l u s 
b. a c a v i t y 
c . i n s u f f i c i e n t use of f l u o r i d e 
d . a n o n - v i t a l t o o t h 
What sequence is t h e c o r r e c t t r e a t m e n t sequence? 
1 · df c, d, b 
2 . b, a, d, с 
3. с, a, b, d 
4 . c, b, a, d 
3 . A p a t i e n t has t h e n e x t f o u r p r o b l e m s : 
a. p u l p i t i s 
b. f o e t o r ex o r e 
с a p a r t i a l l y e r u p t e d w i s d o m - t o o t h 
d. an o v e r h a n g i n g r e s t o r a t i o n 
What sequence Is t h e c o r r e c t t r e a t m e n t sequence? 
1 · a, b, c, d 
2. b, a, d, с 
3. a, b, d, с 
4 . d, b, а, с 
c h a p t e r 5 149 
4 . I η t h e p r o c e s s of so lv ing denta l problems f o u r phases can be 
d i s t i n g u i s h e d : 
a. problem analysis 
b. e v a l u a t i o n 
с f o r m u l a t i o n of goals 
d. t r e a t m e n t 
What sequence Is t h e c o r r e c t pr o bl em solv ing sequence? 
1 . a, c, d, b 
2. c, a, d, b 
3. a, c, b, d 
4 . a, d, c, b 
5. A p a t i e n t has t h e n e x t f o u r p r o b l e m s : 
a. p u l p i t i s t o o t h 24 
b. c a v i t y t o o t h 3 5 
с p o c k e t t o o t h 22 
d . d e c a l c i f i c a t i o n t o o t h 46 
What sequence Is t h e c o r r e c t t r e a t m e n t sequence? 
1 . d, b, а, с 
2. b, c, d, a 
3 · a, c, b, d 
4 . a, d, b, с 
6 . In solv ing d e n t a l problems f o u r pr o bl em f i e l d s can be 
d i s t i n g u i s h e d . Which of t h e n e x t aspects Is not a problem 
f ie ld? 
1 . E s t h e t i c s 
2. P e r i o d o n t i u m 
3. Oral s u r g e r y 
4 . Re lat ion maxl l la/mandlbula 
7 . a. An o v e r h a n g i n g r e s t o r a t i o n Is a c a r l o l o g y problem 
b. A marg ina l f r a c t u r e Is a c a r l o l o g y problem 
1 . a Is c o r r e c t and b Is c o r r e c t 
2. a Is c o r r e c t and b Is I n c o r r e c t 
3. a Is I n c o r r e c t and b Is c o r r e c t 
4 . a Is I n c o r r e c t and b Is I n c o r r e c t 
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θ. a· P l a q u e Is a c a r l o l o g y - p r o b l e m 
b. Plaque Is a p e r i o d o n t a l probl em 
1. a Is c o r r e c t and b Is c o r r e c t 
2. a Is c o r r e c t and b Is I n c o r r e c t 
3 . a Is I n c o r r e c t and b Is c o r r e c t 
4 . a Is I n c o r r e c t and b Is I n c o r r e c t 
9 . You c o n d u c t e d all p lanned t r e a t m e n t s and will now e v a l u a t e 
t h e r e s u l t s . In e v a l u a t i n g you c o m p a r e t h e t r e a t m e n t r e s u l t s 
w i th: 
1 . t h e p a t i e n t wishes 
2. t h e f o r m u l a t e d goals 
3. t h e I n i t i a l problems 
4 . with t h e t r e a m t e n t a l t e r n a t i v e s 
10. In l i s t i n g t r e a t m e n t a l t e r n a t i v e s you should: 
a. mention all t r e a t m e n t a l t e r n a t i v e s 
b. mention all r e l e v a n t t r e a t m e n t a l t e r n a t i v e s 
с mention a p p r o p r i a t e t r e a t m e n t a l t e r n a t i v e s 
1 . a Is c o r r e c t 
2. b Is c o r r e c t 
3 . с Is c o r r e c t 
4 . a, b and с a r e all c o r r e c t 
1 1 . In choosing t h e most a p p r o p r i a t e t r e a t m e n t a l t e r n a t i v e s 
you s h o u l d : 
a. ment ion all t r e a t m e n t a l t e r n a t i v e s 
b. mention all r e l e v a n t t r e a t m e n t a l t e r n a t i v e s 
с mention a p p r o p r i a t e t r e a t m e n t a l t e r n a t i v e s 
1 . a Is c o r r e c t 
2. b Is c o r r e c t 
3. с Is c o r r e c t 
4 . a, b and с a r e all c o r r e c t 
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12. A patient visits you for the f i r s t t ime. Before beginning 
t reatment you should: 
1. ask for the patient wishes 
2. ask for personal data 
3. determine the patient's possibilities 
4. 1, 2 and 3 are all c o r r e c t 
13. During which step In the t reatment planning process should 
you decide to col lect supplemental patient data? 
1. defined data base observation 
2. problem formulation 
3. recognition 
4. observation 
14. After completion of the final planned treatment act iv i ty: 
1. t reatment should be considered finished 
2. a patient should come back after half a year for check-
up 
3. It should be determined wether a patient Is able to 
maintain the results 
4. 1, 2 and 3 are all co r rec t 
1 5. The Problem Solving Cycle as employed at the Dental College 
of the University of Nijmegen leads to : 
a. A logical t reatment approach 
b. A systematic t reatment approach 
1 . a Is co r rec t and b Is co r rec t 
2. a Is co r rec t and b Is Incorrect 
3. a Is Incorrect and b Is co r rec t 
4. a Is Incorrect and b Is Incor rect 
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APPEND IX 6 
chapter 5 
THE P P P - A N A L Y S I S FORM 
PROBLEMS 
1. u s e of s u g a r 
2 . p l a q u e 
3 . g i n g i v i t i s 
4 . d e c a l c i f i c a t i o n s 
5 . p o c k e t 26 
6. insufficient restorations 
7. caries 11 
Θ. caries 37 
9. marginal fracture 15 
10. absence 45 
11. abrasion 
12. absence third molars 
13. incorrect problem 
14. o t h e r s , v i z . : 
Ρ Ρ 
г г 
0 e 
b s 
1 e 
e η 
m t 
Ρ f 
50 
37 
5Т -
5Г 
54 
« 
55" 
5В-
57" 
55" 
60 
62 
1 2 -5 1 5 6 
STUDENT NUMBER 
PROBLEM FIELDS 
1 = PER 
2 = CAR 
3 = PER/CAR 
4 = REL 
5 = ORS 
6 = Other combination 
CHOSEN SOLUTIONS 
1 = Preventive measures 7 = Fluoride application 
2 = Repolish restoration 8 = Patient motivation 
3 = Restoration composite/amalgam 9 = Plan is not finished 
4 = Keep under attention 10 = Indistinct connection 
5 = Dietary advice between problem and solution 
6 = Oral Hygiene instruction 11 = Other alternative 
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C H A P T E R 6 . R E A C T I O N S OF D E N T A L T E A C H E R S A N D E D U C A ­
T I O N I S T S T O T H E P R O B L E M S O L V I N G M O D E L 
6 . 1 . Introductlon 
The only part of the PSM, Involved In the experiment described 
In chapter 5, was the level 2 solving process which Is 
representative of the solving processes of the other levels. 
However, the coherence between the levels and the observation 
phase In the model was not evaluated. I t Is the objective of 
this chapter to Investigate the value of the ent i re model. 
Three scientif ic specialities contr ibuted to the construction 
of the model. 
- The formulation of the problem was supplied by dental 
education. Dental l i t e r a t u r e provided some relevant 
Instructions for constructing treatment plans. This 
Information constituted the basis of the PSM. 
- Educational research revealed t h a t problems can be resolved 
by prescribing the solving process. This process contains 
several Intermediate phases which can be connected by 
thinking acts o r , In the educational process, by solving 
Instructions. 
- Through psychology the cognitive processes behind observing 
and problem solving became Intell igible and were described In 
dental terms. The learning theory t o perform problem solving 
activit ies emanates from psychology. 
The description of the contr ibution of these sciences does not 
claim completeness. The Influence of the sciences Involved 
appears In other aspects of the PSM. 
In this chapter the coherence of segments In the PSM will be 
evaluated by representatives from the t h r e e constituent 
sciences. 
6.2. Problem formulation 
Representatives from psychology, dentistry and educational 
technology can comment on more comprehensive parts of the Ρ S M . 
They can Improve the model by report ing on Indistinct or 
Incorrect parts. For that purpose the following problem 
formulation was submitted to the representatives: 
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"Could you Indicate t o what extent you think the Problem Sol­
ving Model Is a suitable aid In analysing and resolving 
Integrated dental problems In dental education." 
This problem formulation Indicates t h a t the representatives are 
supposed to c r i t i c i z e only the PS M and this chapter will mainly 
deal with this aspect. The respondents received the description 
of the PS M Inserted In the second-year manual Treatment 
Planning ( Verdonschot, 1980) which was used during the 
experiment described In chapter 5. Presenting the PS M In this 
context enables the respondents to evaluate the PS M when 
employed In dental education, as the problem formulation 
Indicates. 
6.3. Materials and methods 
6 . 3 . 1 . Materials 
The people who were Invited to give their opinion on the PS M 
were selected on the basis of the following considerations: 
- Comment on dental aspects of the Ρ SM should be recrui ted 
among dental faculty which should preferably have experience 
In problem oriented education. 
- Dental faculty should be employed at a dental college other 
than the University of Nijmegen. 
- Comment on educational aspects of the model should be 
attained from psychologists and educationists. 
A choice was made In favour of dental faculty Instead of f u l l -
time pract i t ioners because the model will be employed In dental 
education. The advantage of dental teachers who have gained 
experience in problem oriented education proceeds from the f a c t 
t h a t they do not need an extensive Introduction to this subject 
pr ior to evaluating the Ρ SM. In addition, they will Include 
available experience gained In similar education. In this 
respect problem oriented education r e f e r s to education In which 
problem solving Is essential t o a student's learning process. 
The opinion of many dental teachers at the University of 
Nijmegen already played a prominent role In the construction of 
the model. Conversations and discussions on treatment planning 
contr ibuted t o the realization of the PSM. The reactions from 
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dental teachers from other dental colleges do not emanate from 
experience with the dental curriculum at the University of 
Nijmegen and thus did not already a f f e c t the construction of 
the Ρ SM. 
Psychologists and educationists with knowledge and experience 
In constructing education, have an Important angle of Incidence 
In respect to the model. Their comment will be directed to the 
educational processes within the PS M and the manner In which 
these processes are employed In the treatment planning course. 
Five dental teachers were willing to evaluate the PSM. Three 
were employed at the University of Amsterdam, one at the 
University of Utrecht and one at the University of Groningen. 
Four of these dentists had experience In problem oriented edu­
cation. 
Two psychologists and one educationist were willing to expose 
their views on the model. One psychologist was employed In 
medical education and one In dental education. The educationist 
designed and conducted a problem oriented course In operative 
dentistry at the University of Amsterdam, together with t h r e e 
of the aforementioned dental teachers. 
6.3.2. Methods 
The course manual Treatment Planning Including the PSM was 
submitted to the representatives. All eight persons responded. 
The resulting responses were let ters and/or a manual with 
remarks added to the t e x t . 
To gain Insight Into the nature of the responses a list of 
keywords was designed. The keywords r e f e r r e d to the ent i re 
model and to parts of the model. The responses were screened 
regarding the relationship with one or more keywords. In 
addition, all responses related to a keyword were analysed and 
eventual Implications for the model were studied. 
6.4. ResuIts 
6 . 4 . 1 . Comment on the ent i re PSM 
Comment on the PSM can be divided Into a number of subjects. I η 
analysing the respondents' comments these will be mentioned 
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between quotation marks at the beginning of every paragraph 
describing a subject. 
6 . 4 . 1 . 1 . The role of experience In problem solving 
The following remarks were made concerning the role which 
experience plays In problem solving. 
- "Experienced dentists think di f ferent ly than the model 
prescribes. Diff icult ies will arise when experienced dentists 
evaluate the treatment plans constructed by students". 
- "An experienced dentist does not think according to any 
expl icit p a t t e r n " . 
- "The model can only be used In an educational setting, not by 
experienced dentists". 
- "An Investigation among experienced physicians with a problem 
oriented approach resulted In the pronouncement: One already 
knows the solution t o the problem but stil l one has to 
enumerate treatment a l ternat ives!" . 
- "The model must not counteract thinking as experienced 
dentists do". 
All these reactions r e f e r t o the subject experience. The 
respondents consider experience to be very Important In solving 
problems. 
The role of experience In problem solving was already stressed 
In paragraph 2.3. As the respondents Indicate It appears t o be 
a subject of concern In every heuristic problem solving 
process. In Gal'pertn's learning theory experience In 
conducting thinking acts ( I .e. problem solving acts) Is 
established systematically. The problem solver must exercise 
the process several times and each time parts of the process 
can be omitted. The problem solving process to be learned will 
t h e r e f o r e systematically be abbreviated. 
Experienced dentists have resolved a great number of dental 
problems many times and apply an abbreviated version of a 
problem solving process which often cannot be expressed 
expl ic i t ly. Confronting experienced dentists with the Ρ SM, 
which contains a systematic and detailed description of a 
problem solving process, would place them at the beginning of 
this process. Their experience, however, permits them to 
conduct the problem solving process more effectively than the 
model allows. To them the comprehensive description of the 
problem solving process becomes an Inhibiting obstacle. 
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Problems might arise when experienced dentists evaluate 
treatment plans, constructed by Inexperienced students. 
However, the possibility Is limited by the formulation of 
evaluation c r i te r ia which enable both students and faculty to 
use equivalent external evaluation c r i t e r i a . 
I t can be concluded tha t the comments are legitimate, but the 
PS M will not require adjustment for student dentists are 
considered to be Inexperienced problem solvers. 
6.4.1.2. The PSM and the applied terms 
- "Level and process should not be combined In one model. This 
makes things unnecessarily complicated". 
- "The model Is too abstract so students will find It hard to 
perceive the relation between the model and concrete dental 
problems". 
- "The terms In the PSM are vaguely formulated. Use existing 
dental terms; microbial problems are carles and 
per iodont i t is ! " . 
The word " leve l " In the f i r s t remark probably re fers to the 
categorizing of dental problems according to thei r urgency of 
t reatment. Problems are resolved consecutive to one another and 
most urgent problems are being t rea ted with f i r s t p r i o r i t y . In 
this respect the urgency categories and the solving process 
cannot be separated. When the PSM was constructed both 
categorization and problem solving were combined In one model. 
Moreover, If the PSM Is to function as a basis for orientat ion 
It should preferably provide full or ientat ion to a problem 
solver (paragraphs 3.2. and 3.5. ) . The model would not fu l f i l 
this function If the urgency categories and the solving process 
were disconnected. 
The cr i t ique of the respondents can be part ial ly obviated by 
the teaching strategies employed In a treatment planning 
course. Chapter 7 will elaborate this aspect. 
The lat ter two remarks concerning the model re fer to the extent 
to which the model was abstracted during construct ion. The 
expression "use existing dental terms" Indicates the need for 
recognizable words, structures or procedures, suggesting that 
this could faci l i tate students who uti l ize the model, to 
observe the relat ion between the model and the familiar 
problems which they encounter In thei r study. 
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In constructing the urgency-based model It was unavoidable to 
Introduce some unfamiliar terms which designated a group of 
dental problems with a specific urgency. The term microbial 
problems Is not often used In dentistry, but In the PS M the 
category of microbial problems are I l lustrated by terms which 
define the urgency level and which are common In dentistry. For 
example, level 2 Is defined by the terms carles, periodontit is, 
perl-apical problems and endodontic problems. In addition, 
teaching problem solving by using the PSM, the model should be 
Introduced to the students. The model remains on the same level 
of abstraction, but It faci l i tates the use by students. 
6.4.1.3. The PSM In relat ion to the patient 
The respondents made three remarks concerning the patient's 
part icipation In the model and other patient factors. 
- "The PSM does not take the patient's opinion Into account". 
- "The model does not deal with the social limits of a 
dentist's work". 
- "A comprehensive treatment plan Including an estimate of the 
cost can only be completed at the end of level 2" . 
At f ive places In the model patients are Invited to express 
their wishes and to decide upon treatment proposals. In the 
observation phase of the model patients are asked for the 
reason of the i r visit which allows them to express a global 
goal. This often provides an Indication for the treatment to be 
rendered (Table 3 .1 . ) . In addition, at every treatment level 
patients are consulted In determining the adjusted treatment 
sequence through a case presentation (Table 3.3.) . This 
discussion might reveal relevant social aspects, depending on 
the quality of the case presentation. I f patients do disagree 
with the suggested treatment, the student will have to choose 
another possible solution out of the t reatment alternatives 
pool (paragraph 3.3 .1 . ) . 
The PROGRESS NOTES sheet may I l lustrate that the expected 
costs of t reatment can be calculated on every level (appendix 
6, chapter 4) . On this form for each level the planned 
activit ies can be recorded together with an appointment 
schedule. Using the predetermined fees for each treatment or a 
fee for the required treatment time enables students to 
estimate the costs. The form Is applicable to all four levels 
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which Indicates that also for the Initial treatments an 
estimate of costs can be provided. 
6.4.1.4. Remaining remark on the model 
- "T he course has been designed for second-year students. They 
have Inadequate p r i o r knowledge for decision-making In 
t reatment planning". 
Decision-making can be learned and t h e r e f o r e this skill should 
be taught t o students. The PS M supports the decision-making 
process. For example, In constructing a categorized problem 
list the problem solver has to decide t o which problem fields 
problems should be assigned. 
This procedure benefits learning through problem solving. 
Besides, the dif f iculty of problems can be attuned t o the 
knowledge which second-year students should master. 
6.4.2. Crit ique of the observation In the PS M 
In this paragraph the responses concerning the observation are 
evaluated. A distinction was made between defined data base, 
recognition and findings. The respondents did not comment on 
the "supplemental data base". 
6 . 4 . 2 . 1 . Crit ique of the defined data base 
- " Including a diet history and an oral hygiene history In t h e 
defined data base often causes unnecessary work. 
Including diet and oral hygiene histories in the defined data 
base emanates from existing educational procedures (paragraph 
З.4.1.) . All Items In the defined data base, can be replaced or 
omitted depending on the educational setting In which the data 
base Is used. These Items can also be Included In the 
supplemental data base. Although an oral hygiene and diet 
history may cause unnecessary work and Inconvenience t o a 
patient, they are Important factors In the aetiology of dental 
diseases. This f a c t Is enough Justif ication for a place In the 
defined data base. In addition, oral hygiene and dietary habits 
may change In the course of t ime. Since this may Influence 
treatment at all levels of the PSM, a place In the defined data 
base should be determined. 
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6.4.2.2. Crit ique of the recognition and findings 
The respondents commented on parts recognition and findings 
using the following expressions: 
- "The distinction between recognition and findings Is not very 
clear. Is this diagnosing?" 
- "Findings do not exist but are a selection of observations, 
determined by previous experiences, preference for t reatment 
alternatives, dedication to patient t reatment, e tc . " 
- " I s a finding Identical to a diagnosis? If that Is the case, 
call I t a diagnosis". 
- "What Is recognition? Is It diagnosing or Is It part of the 
findings?" 
- "What exactly Is the difference between recognition and 
findings?" 
Apparently the terms recognition and finding have not been 
defined proper ly . Both terms were Introduced during the 
transformation of the observation phase (paragraph 2.5.1 . ) . 
Consequently they are not related to the classical solving 
scheme, often used In medical science: observation, aetiology, 
diagnosis, Indication, e tc . In this scheme diagnosis means 
(Boucher, 1974): " the process by which one recognizes or 
Identifies any condition that may be a departure from normal" . 
The relation between diagnosis In this definit ion and recog-
nition and findings can be indicated as follows. 
A diagnosis comprises a recognition phase and an Identif ication 
phase. In the recognition phase the observed phenomena are 
compared with present knowledge or Information to be col lected. 
This leads to a problem Ident i f icat ion. I f a patient has more 
than one problem, several problem Identif ications are esta-
blished. In addition, the problem solver determines which group 
of Identified problems will be solved f i r s t using urgency 
c r i t e r i a . All problem Identifications and the determination of 
treatment pr ior i t ies together constitute the findings. 
Testing identif ied problems to the urgency c r i te r ia is not 
Included In the definition of diagnosis. This was Introduced to 
establish the transit ion from the observation phase Into the 
cor rec t level of t reatment planning. 
Since recognition and findings are refinements of the term 
diagnosis, I t Is not feasible to support the suggestion to 
denote one of both terms with diagnosis. Combining recognition 
and findings In a diagnosis Is acceptable as an abbreviation 
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when a student has repeatedly conducted the process of 
observation, recognition and findings. With the gained 
experience the student can proceed with the problem solving 
process, leaving the process of recognition and finding 
Implicit. 
The second remark with respect t o the Interpretat ion of 
"findings" Indicates that these are based on subjective 
Interpretat ions. I t Is conceivable t h a t previous experiences, 
preference for treatment alternatives and dedication Influence 
the findings. Experiences concerning the success of treatments 
and the att itude toward patients, problem solving, etc. vary. 
These Individual variations Influence a f inding. The variations 
proceed from the heuristic problem solving nature of the PSM. 
Dental problems are open-ended problems ( W ales, 1977) f o r which 
more than one solution may be appropr iate. This does not Imply 
that variations between problem solvers predominantly will be 
caused by the open-ended nature of the problems, for I n c o r r e c t 
problem solving pathways may also be a source of var iat ion. 
6.4.3. Crit ique of the levels of the model 
6 . 4 . 3 . 1 . Critique of the categorization Into levels 
The distinction between the urgency levels and the manner In 
which this was established was commented upon extensively. 
- "Categorizing Into four levels Is a r b i t r a r y ; constantly 
Interactions will o c c u r " . 
- " I t Is Impossible t o maintain the sequence of the levels 
s t r i c t l y " . 
- "Because of the costs of expensive level 3 treatments It Is 
often desirable t o spread the t reatment over several years". 
- "Carlology can be considered belonging to level 2 and level 3 
for carlology also restores a f u n c t i o n " . 
- "The difference between the levels 1 and 3 Is a r t i f i c i a l . I f 
a chief complaint relates t o Τ M J, this problem can only be 
solved after level 2 t reatment Is completed". 
- "The distinction between the levels Is a r t i f i c i a l " . 
- "Extract ion of a tooth at level 1 because of toothache has 
consequences for level 3 t reatment. This Implies that level 3 
problems already should be considered In level 1 " . 
- "The various levels do not exclude one another". 
- "Including the chief complaint In level 1 may be confusing 
f o r this can be a level 3 problem". 
162 chapter б 
- "Within the chosen levels other problem solving cycles can be 
noticed. For example: observation - recognition - consulting 
relevant l i t e r a t u r e - supplemental data base - recognition -
e t c . " . 
- "Most patients are situated within level 4. So I t Is logical 
t o s t a r t t reatment on level 4. Henceforth, It Is possible t o 
develop guldlng-lnstructlons to conduct treatment on level 1, 
2 and 3". 
- "The term 'level' suggests t h a t treatment Is performed In 
' layers'. I t would be better t o replace ' level' by type or 
category". 
- "The difference In the complexity of the problems between the 
levels Is negligible. So the problem solving cycles on all 
levels can be equal". 
- "Though differences exist between the problems on the various 
levels, the model requires only one large and one small 
cycle. 
The f i r s t ten remarks discuss the number of levels In the 
model. The respondents also Indicate t h a t other categories are 
Imaginable. The described categorization should not be regarded 
as being absolute. The examples, given by the respondents, 
point In that d i rect ion. 
Paragraph 3.2. Indicated t h a t the PSM did not fully provide 
orientation to the problem solving process. The problem solver 
can choose solving pathways other than the Ideal one. If, for 
example, a level 3 problem causes a complaint, a reconstructive 
problem may require treatment on level 1. This Justifies the 
remark, t h a t the levels are not mutually exclusive. However, 
treatment of the chief complaint may have to be postponed If 
other problems with a higher urgency exist. If the main 
complaint Is a discoloured non-vital tooth, but cavities are 
present In other teeth, level 2 treatment will have t o be 
conducted before the discoloured tooth can be restored with 
e.g. a porcelain crown. 
The categorization of dental problems according t o urgency was 
meant to provide a better Insight Into the complex patient 
problem. So, contrary t o the f i r s t remark, the categorization 
Is not a r b i t r a r y developed. 
The remark t h a t most patients are situated within level 4 Is 
unclear. Patients who are In active treatment either remain In 
the observation phase or In one of the four solving phases. 
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Persons without dental abnormalities and those who are awaiting 
f u r t h e r treatment after completion of a level remain between 
the completed treatment phase and the observation which will be 
accomplished during the next visit. I f a person, as one 
respondent suggests. Is situated within level 4, this Implies 
that maintenance problems were observed but treatment Is not 
completed. 
The term " level" suggests the Involvement of a " layered" 
treatment strategy, which Is the Intent ion. Problems on level 1 
should be solved pr ior to level 2 problems. In t u r n level 2 
problems should be solved pr ior t o level 3 problems, e t c . The 
term "level" was chosen Instead of the original word phase for 
the reasons stated In paragraph 2.5.2. 
Both latter remarks r e f e r to the number of cycles In the model. 
One respondent supports the opinion t h a t only one large cycle 
Is required while the other respondent states t h a t one large 
and one small cycle would be appropr iate. 
The problem solving process for level 1 and 4 problems Is 
similar to the problem solving process for level 2 and 3 
problems. The smaller size of the levels 1 and 4 Is caused by 
some solving Instructions being conducted while omitting 
Intermediate phases. This can be considered an abbreviation of 
the problem solving process. In addition, the number of levels 
was determined by the number of urgency categories t h a t can be 
distinguished within dental problems. 
6.4.3.2. Crit ique of the levels 1 and 4 
The levels 1 and 4 were commented on as follows. 
Leve I 1 
- "The term Immediate treatment should be replaced by 
preliminary t reatment or orienting t reatment" . 
- "Immediate treatment only r e f e r s to the emergency problems, 
not to the other level 1 cues". 
Level 4 
- "Discussing a patient's responsibility for his oral health 
does not belong t o level 4 " . 
The term Immediate treatment Implies t h a t treatment should be 
conducted Immediately. The term "prel iminary treatment" can be 
explained In a wider sense. This term can be applied on all 
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levels. For example, scaling (level 2) can be considered a 
preliminary t reatment t o a flap operation which Is a recon-
struct ive (level 3) t reatment. 
The term "Immediate t reatment" is predominantly related to the 
urgency c r i te r ia "emergency cases" and "chief complaint" If the 
complaint e.g. causes pain. However, some health problems must 
be considered before an emergency problem or a complaint can be 
resolved. A diagnostic problem Is considered an Immediate 
problem because the solution of this problem may reveal undei— 
lying problems, e.g. an emergency problem. Therefore, the term 
immediate t reatment also refers to health problems and 
diagnostic problems. 
Discussing a patient's responsibility for his/her oral health 
was described as a maintenance problem. Maintenance, in the 
sense of the PS M signifies the maintenance of the established 
treatment results, not to maintenance of oral health. This does 
not Imply that the patient's own responsibility should not be 
discussed In an ear l ier phase. Diminished motivation In this 
respect can be considered a problem which subsequently requires 
treatment. 
6.4.4. Crit ique of the intermediate phases and the solving 
instructions 
6 .4 .4 .1 . Crit ique of the Intermediate phases 
The Intermediate phases "f inal goal" and "def ini t ive t reatment" 
sequence were commented upon. 
Final goal 
- "The final goal Is not the start ing point of a solving 
process, but the observation Is. Therefore, the observation 
should be Included In the cyc le" . 
- "The final goal Is Included In the consecutive steps". 
- "The final goal In the problem solving sequence should be 
positioned consecutive to the problem l is t " . 
- "The order In which the final goal and the problem list occur 
in the sequence of problem solving Is Incor rec t " . 
Observations supply the problem's formulation and the problems 
are resolved using the problem solving cycles of the model. A 
final goal Is a par t of the problem solving process and 
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therefore the observation must precede the problem solving 
process. Thus, I t Is not appropriate to Include the observation 
In the cycle, as the f i r s t remark suggest. 
"Final goal" preceeds "problem list" because the findings 
already Indicate the nature of the problems using urgency 
c r i t e r i a . Using these c r i t e r i a the final goal can be defined. 
However, the final goal can become more specific If the problem 
list Is Included. This Improvement can be obtained by changing 
the sequence of the Intermediate phases "f inal goal" and 
"problem list" In the cycles. 
The term "final goal" may cause confusion. The final goal 
relates to the goal t o be achieved by treatment on one level, 
but "f inal goal" can also be Interpreted as the goal to be 
achieved by completing treatment on all levels. To avoid 
confusion, the term "f inal goal" will be replaced by "level 
goal". 
Def in i t ive treatment sequence 
- "Definit ive t reatment sequence Is not definit ive If I t can be 
adjusted afterwards!" 
In the model the chosen alternatives comprise the tentat ive 
treatment sequence. When these choices are Justified the 
tentat ive treatment sequence arises. Self-cr i t ique and faculty 
crit ique transform the tentat ive treatment sequence Into a 
definitive treatment sequence. Final adjustments are Included 
If a patient disapproves of the definitive treatment sequence, 
resulting In the adjusted treatment sequence. 
The tentat ive t reatment sequence Is not questioned. However, 
the terms definit ive t reatment sequence and adjusted treatment 
sequence are confusing. Obviating the cr i t ique of these two 
Intermediate phases the solving Instructions (se l f-)cr l t ique 
and patient consult will be Joined resulting In a definit ive 
treatment sequence. The Intermediate phase "adj usted treatment 
sequence" will be omitted since the patient's wishes will now 
be Included in the definit ive treatment sequence. 
6.4.4.2. Crit ique of the solving Instructions 
The following remarks were made concerning t o the solving 
Instructions t ranslate, generate, analyse, choose and evaluate. 
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Transi ate 
- "One can never learn t o conduct the solving Instruction 
"translate" using only a book; It should be brought Into 
p r a c t i c e . " 
This remark advocates I l lustrating the solving Instructions by 
means of examples and pract ical exercises. I t Is useful to have 
students gain experience In problem solving during exercise 
phases In the educational process. Gal'perln's learning theory 
provides this opportunity. Furthermore the solving Instruction 
"translate" can become pract ical ly meaningful through the 
applied Instructional method. This subject area will be 
elaborated In chapter 7. 
Generate 
- "The solving Instruction 'generate all t reatment alternatives 
' should be replaced by: 'generate a number of treatment 
alternatives and see If you can find an appropriate one." 
- "Why Is the completeness of the treatment alternatives, to be 
generated, Important? Theadequacyofthe generated treatment 
alternatives Is far more Important?" 
Generating a number of treatment alternatives is more realistic 
than generating all a l ternatives. This may however Imply that 
no suitable t reatment alternat ive Is available t o a problem. 
The Intermediate phase "treatment alternatives" should be 
changed. Consequently, the solving Instruction "analyse/choose" 
which follows, requires reformulat ion: "analyse the treatment 
alternatives and chose an appropriate one. Go back one 
intermediate phase if no appropriate alternative is available". 
This was already described as one of the feedback mechanisms, 
present in te PS M (paragraph З.1.1.1.) . The adjusted solving 
Instruction forces students t o supply new treatment 
alternatives by consulting l i t e r a t u r e , fellow students or 
facul ty . 
Analyse/choose 
- "One can make a choice out of the t reatment alternatives once 
they are analysed. Therefore Justif ication must be recorded 
before or simultaneously with the chosen alternatives." 
Not the Justif ication of the choice made, but the analysis of 
the treatment alternatives takes place before choosing 
treatment alternatives. Analysis Includes weighing advantages 
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and disadvantages. Adducing arguments In support of a choice 
following the analysis of t reatment alternatives Is designated 
Justif icat ion. To avoid confusion the solving Instructions In 
question can be altered as follows: Solving Instruction e 
(Table 2.3.) Is replaced by "analyse/ choose/justify" and Is 
described as: "analyse the treatment alternatives, choose the 
best and Justify the choice". Since solving Instruction f 
describes the Justif ication of a choice this Instruction will 
be changed t o : "arrange the chosen alternatives In a logical 
sequence". 
Evaluate 
- "The solving Instruction "evaluate" does not occur In the 
picture of the model." 
In the Ρ SM all solving Instructions t h a t lead to an 
Intermediate phase are designated by an arrow. The solving 
Instruction "evaluate" Is depicted In Figure 2.3. by arrow J. 
Evaluation reveals differences and/or similarities between 
level goal(s) and treatment result(s). A dif ference between a 
level goal and treatment results can Induce students to verify 
the nature of these differences. This feedback process was 
previously described In paragraph 3 . 1 . 1 . 1 . and I l lustrated In 
Figure 3 . 1 . Since the PSM Implicitly establishes evaluation 
through build-in feedback mechanisms, the solving Instruction 
"evaluate" does not lead to an Intermediate phase In the 
solving process, but Instead t o the observation phase for a 
renewed examination which Is or iented to another level. 
6.4.5. Crit ique of the evaluation system 
6 . 4 . 5 . 1 . Crit ique of the object iv i ty of the evaluation c r i t e r i a 
- "An objective evaluation of the reason for visit can only be 
accomplished If the patient's history Is based on a defined 
h istory-form." 
- "How does a student know what ' c o r r e c t ' Is?" 
- "The evaluation c r i t e r i a are subjective and ambiguous." 
In the descriptions of the evaluation c r i t e r i a the word 
" c o r r e c t " Is frequently used. The respondents legitimately 
claim that an evaluation Is not necessarily objective If based 
on only the correctness of the described performance. The 
requirements a certain situation should meet to be c o r r e c t are 
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not specified. However, such specifications relate to the 
numerous observations and problems present and will result In 
an extensive and unmanageable evaluation system. The word 
" c o r r e c t " was prefered because the use of this cr i ter ion In 
evaluating segments of a treatment plan Is greater than any 
other cr i ter ion (paragraph 1.2.З.). 
A second objective of the evaluation c r i t e r i a Is to provide a 
s t r u c t u r e In evaluating treatment plans. Furthermore, the 
evaluation c r i t e r i a can be used as an aid In solving dental 
problems and thus Improve the quality of the treatment plans. 
The evaluation system may achieve these goals despite the 
application of the word " c o r r e c t " In the descriptions of the 
c r i t e r i a . 
6.4.5.2. Crit ique of the discontinuity of the rating scale 
- "The applied rat ing scale Is discontinuous." 
- "The reason for visit has two c r i t e r i o n descriptions; so why 
not use a two point scale." 
All Intermediate phases In the problem solving process and the 
reason for visit as p a r t of the defined data base are evaluated 
on a discontinuous two point scale. The remaining aspects In 
the observation phase are assessed on a four point scale. The 
four point scale was Introduced for experimental purposes. The 
experiment was conducted within existing education In which a 
four point scale was ut i l ized. The described evaluation 
c r i t e r i a were attuned to this scale, but when all points could 
not be specified for the "reason for visit" and for most 
intermediate phases In the solving process, a two point scale 
was selected (paragraph 3.4.2.). The two point scale Is 
discontinuous because the evaluations for the observation and 
problem solving parts need t o be averaged, resulting In a final 
grade. A discontinuous two point scale with one and four as 
positions avoids a conversion from a continuous two point scale 
t o the four point scale, util ized In the existing education 
during the experiment. Depending on the educational situation, 
in which the PS M (Including the evaluation system) will be 
Introduced, the evaluation system has to be adjusted to the 
rating scale, or conversely. 
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6.5. Discussion 
The Inquiry, described In this chapter, has a limited scope and 
the group respondents constitute of a sample of dental 
educators and educationists. Therefore the usefulness of the 
results are questionable and It Is dubious whether the model 
should be adjusted t o conform t o the reactions of the 
respondents. Frequently an aspect Is commented on by only one 
or two respondents. The reactions obtained originate from a 
specific background and because of the open nature of problem 
formulation, the respondents can comment on aspects from their 
own perspective. Dental teachers will c r l t l z l c e the model from 
a dental point of view and their experience In education will 
be Included. The psychologists and the educationist will 
evaluate and test the model t o psychological and educational 
theories. Consequently, the i r reactions can be valuable even If 
a part icular aspect Is only cr i t ic ized once. 
The respondents were not Informed about the way the model was 
constructed. Therefore, some of their reactions were 
discredited In previous chapters. They were Included In this 
chapter because Indistinctnesses can be el ic i ted. A second 
reason for Including the cr i t ica l comments by the respondents 
proceeds from the way the model was constructed allowing 
possible e r r o r s . E r r o r s or Imperfections In the construction or 
Its description cannot always be experimentally t raced (see 
chapter 5), but the help of cr i t ica l comments of unbiased 
experts faci l i tates debugging the model. I t remains doubtful 
whether all Imperfections and e r r o r s were eliminated. 
Indicating t h a t the model has not reached Its final version. 
Experimental results and experiences, gained In education, will 
continuously modify the PSM. 
A number of aspects In the PSM can be modified without Intel— 
fer lng with the essence of the model. The nature of the defined 
data base (paragraph 6.4.2.1.) can be adjusted to conform to 
the demands of a dental college which adapts the PSM. Although 
the content of the defined data base Is Important It Is not 
essential t o the model. I t Is essential t h a t the defined data 
base be character ized by means of cues, before Implementation 
of the PSM In an educational situation. 
In addition, a teacher can determine what will be Included In 
the defined and supplemental data bases since this Is often 
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dictated by the educational pract ice. Finally, the rating scale 
can be adjusted. If a dental college utilizes a three point 
scale, the evaluation system can be adjusted accordingly. I t 
remains essential that each point on the scale be defined 
precisely. 
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CHAPTER 7. IMPROVEMENT OF THE SOLVING PROCESS BY 
MEANS OF INSTRUCTION AND SIMULATION 
7.1· Introductlon 
I η chapter 3, paragraph 3.2. It was concluded that the Ρ S M does 
not provide a complete or ientat ion on the problems to be 
resolved. Part icular ly the thinking acts "generate" and 
"analyse/choose" did not fully or ientate students to the 
solving process. Incomplete or ientat ion can lead to Incorrect 
solving pathways. 
The results of chapter 5 Indicate, t h a t students Identify p r o ­
blems given a patient r e c o r d , which In fact are normal 
structures or conclusions rather than problems. Furthermore, In 
listing problems during treatment planning fai lures developed 
(paragraph 5 . 7 . ) . 
In paragraph 6.4.4.2. one of the respondents remarked that a 
student will never learn how t o translate findings Into terms 
of a level goal out of a book. He suggested pract ical exercises 
to acquire such skil ls. 
The examples Indicate that the formulation of solving 
Instructions do not conclusively result In adequate solutions 
through adequate solving pathways. Inadequate solving pathways 
will lead t o an acceptable solution although the thinking 
process Is extended by conducting superfluous thinking act. An 
Incorrect solving pathway results In an Incorrect problem 
solution. Some of the short-commlngs In the PS M were described 
In chapter 3. 
Dental problems are resolved using heuristic procedures. They 
are open-ended, Implying t h a t more than one solution may be 
appropriate (Wales, 1982). Therefore, In Instructing students 
t o resolve dental problems, the problem solving pathway should 
be emphasized, not the solutions. I t Is the goal of this 
chapter t o select those instructional methods which are most 
suitable In Instructing student dentists In resolving dental 
problems. 
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7.2. Problem formulation 
In view of the remarks recorded In the Introduction, the 
problem formulation can be stated as follows: 
"How can student dentists receive additional orientation to the 
problem solving process to effectively master dental problem 
solving?" 
The problem formulation will be approached by presenting a 
number of possible solutions obtained from l i te ra tu re . Out of 
these possible solutions choices will be made. 
7.3. Possible Improvements of the problem solving process 
The following possible solutions to Improve the problem solving 
process were generated or provided by l i t e ra tu re . Globally, a 
distinction can be made between three types of Improvement: 
a. Improvements of the problem solving process In the PSM. 
Such Improvements can be obtained by: 
1. more extensively described solving Instructions resulting 
In a more complete orientat ion to the Intermediate phases 
within the process. 
2. fu r ther transformations of the process (see chapter 2), 
result ing In additional Intermediate phases which may 
faci l i tate the conduction of the solving process (Newell 
and Simon, 1972). 
b. I mprovement of the learning process In resolving problems by 
selecting an appropriate educational method. 
The following methods were obtained from l i te ra ture : 
3. a method with which students exercise resolving problems 
and a teacher correct ing the students, should they choose 
an Incorrect or Inadequate problem solving pathway 
(Vaags, 1975). 
4. a method with which students observe an Inexperienced 
problem solver who Is corrected by a teacher (vicarious 
learning). This is an extension of the previous method 
(Vaags, 1975). 
5. a method with which students receive Instructions on 
character ist ics of the problem using stimulating 
questions (Vaags, 1975). 
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6. a method with which students receive a number of model 
solutions to the problems and are Instructed to examine 
these. Students may learn to resolve problems by copying 
problem solving behaviour (Vaags, 1975). 
7. a method with which students examine the Initial and 
final problem situation and search for cues to resolve 
the problem (means-ends analysis; Newell and Simon, 
1972). 
8. a method with which students resolve problems by means of 
t r i a l and e r r o r . 
c. Improvements through resolving simulated problems. 
9. Live simulation. 
Students examine a "pat ient" who actually Is an actor or 
a fellow-student, prepared to answer specific questions 
(Gerrttsma and Smal, 1974). 
10. Computei—aided simulation. 
A computer presents a problem to a student which s/he 
has to examine and resolve (Gerrltsma and Smal, 1974). 
11 . Reproductions of auditory and visual stimuli. 
This type of simulation, applied In medical science, 
enables students to listen to, for Instance, the heart -
beat recorded on a tape (McGuIre and Wezeman, 1974). 
The reproductions of visual stimuli are more familiar In 
dent istry. Students examine X-ray 's and a patient's 
record and subsequently construct a treatment plan. This 
type of simulation conforms to the Paper Patient 
Problems, described In chapters 1 and 5. 
12. Three-dimensional models. 
Students exercise on models of the human body, for 
Instance, resuscitation exercises (McGuIre and Wezeman, 
1974). 
13. Automated robots. 
The robots Impersonate patients and are programmed with 
problems. This type of simulation Is a combination of 
Computei—aided simulation and application of th ree-
dimensional models (McGuIre and Wezeman, 1974). 
14. Paper and pencil simulation (McGulreand Wezeman, 1974). 
A problem Is presented In a brief description and a 
student Is re fe r red to a certain section In a book. This 
book contains questions concerning the history and 
clinical examination. The answers to the questions by 
using a special pen since they are printed In Invisible 
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Ink. The answers can also re fe r a problem solver to a 
following section In which other examinations are 
conducted. In addition, t reatment can be simulated and 
the treatment results can be evaluated. 
7.4. Elucidation of the possible solutions 
1. Extensively described solving Instructions. 
More extensively described solving Instructions may result In 
more adequate problem solving pathways. The more extensive the 
problem Instructions, the more complicated the PS M becomes. 
2. Further transformation of the problem solving process. 
Further transformation of the problem solving process will 
result In a more complex model since additional Intermediate 
phases and solving Instructions are subsequently required. This 
does not necessarily lead to a better solution of the problem, 
for an Increased number of opportunit ies to choose an Incorrect 
problem solving pathway Is created. 
3. The Instructional methods 3 thru 6 . 
In Investigating the ef fect of Instruction on students' problem 
solving behaviour, Vaags (1975) described some Instructional 
methods. The results of this study proved instructional method 
4 (vicarious learning) to function comparatively fast and 
ef fect ive. Effectiveness In this respect Implies a completion 
of the solving process without fai lures. The second effect ive 
method was the instruction of students on characterist ics of 
the problem, although students required more time to resolve 
the problems as compared to vicarious learning. Instructional 
method 6, the examination of model solutions, proved to be 
least ef fect ive, whereas the Instruction In which students are 
corrected by a teacher, most frequently resulted In Incorrect 
solutions. 
4. Means-ends analysis. 
The analysis of the goal of a problem solving process and the 
available means to resolve the problem does not seem applicable 
to dental problems, since It Is not realist ic for students to 
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find an Indication In the goal and the means that would lead to 
the solution. Lack of experience In resolving dental problems 
will cause di f f icul t ies. This experience can be gained by 
constructing and conducting t reatment plans. 
5. Tr ial and e r r o r . 
Trial and e r r o r cannot be considered a serious problem solving 
strategy. Choosing a solution which subsequently Is conducted 
Is not appropriate for dental education since there Is to great 
a chance that an Incorrect solution will result and dental t he -
rapy Is generally I r revers ib le . Instead, t r i a l and e r r o r might 
be applicable In combination with computei—aided simulation. 
6. Live simulation. 
Live simulation Is suited to practise history taking and 
clinical examination, but Is not applicable In simulating the 
problem solving process. 
7. Computei—aided simulation. 
This type of simulation resembles paper and pencil simulation. 
The use of a computer faci l i tates recording a problem solver's 
pathway through a problem. However, before a problem Is 
Implemented In a computer. It Is recommended that constructing 
and debugging the management problem be accomplished as a paper 
and pencil problem. 
8. Reproductions of auditory and visual stimuli. 
This type of simulation only provides opportunit ies to col lect 
patient data and not a simulation of the problem solving 
process, which Is the chief goal of this chapter. 
9. Three-dimensional models-
Three-dimensional models provide spatial Insight Into a 
patient's problems. This type of simulation permits observation 
and treatment whereas no opportunities exist to evaluate the 
problem solving process. 
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10. Automated robots. 
Automated robots were developed for use In medical education 
and of fer some advantages. The collection of patient data, the 
problem solving process and the conduction of treatment can be 
simulated. Additionally, It Is possible to programme the robots 
with new problems whenever an educator desires. Robots were 
applied and tested In medical education. In dental education 
robots seem less suitable since dental problems usually are 
restr ic ted to a patient's head. Therefore, a robot can be 
replaced by a combination of three-dimensional models, visual 
stimuli and computer-aided simulation. 
11. Paper and pencil simulation. 
The type of simulation, known as Patient M anagement Problems or 
"branched problems", were Introduced In medical education. The 
costs of this type of simulation are comparatively low. 
Collecting patient data, the problem solving process and 
conducting treatment can be simulated. 
7.5. Chosen Improvements of the problem solving process 
On account of the just i f icat ions recorded In paragraph 7.4., I t 
Is not useful to change the PSM. An additional transformation 
of the problem solving process would result In a more 
complicated model. An Improvement of the problem solving 
process should there fore be selected from the various 
Instructional methods and types of simulation. "Means-ends 
analysis" and " t r ia l and e r r o r " should not be considered for 
the reasons mentioned In paragraph 7.4. 
The remaining four Instructional methods were Investigated con-
cerning the i r effectiveness In solving technical problems 
(V aags, 1 975). The experiment proved that the observation of an 
Inexperienced problem solver, combined with the Instructional 
method concerning the problem's character ist ics by posing 
questions, lead to a solution faster and more effective than 
the other two methods. They may there fore be selected as the 
Instructional methods of choice In Improving the problem 
solving process. 
In selecting a type of simulation It Is Important to veri fy 
whether It permits simulation of all aspects of the PSM. Three 
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types of simulation meet this requirement. These are "paper and 
pencil simulation". Computei—aided simulation and automated 
robots. The paper and pencil simulation Is best documented and 
Is comparatively Inexpensive. Computei—aided simulation Is 
closely related to paper and pencil simulation but It can be 
applied more effect ively In education once the simulated 
management problem Is debugged by means of paper and pencil 
simulation. A r o b o t seems unsuitable for use In dental 
education since It can be replaced by a combination of other 
types of simulation. 
All data on patient simulation emanate from medical education 
In which they were developed and tested. Patient Management 
Problems or Ρ MPs, as the paper and pencil type of simulation 
was denoted, often were subject of Investigation (McGuIre et 
a l . , 1976; Faber, 1977; Grace et a l . , 1977; Marshall, 1977; 
Marshall and Fabb, 1981; Marshall et al . , 19Θ2; Newble et a l . , 
1982; Verbeek, 1982). Adams et al. (1979) were the f i r s t to 
apply Ρ MPs In dent istry. They Indicated t h a t Ρ MPs could be 
useful In dental education. Therefore, "paper and pencil 
simulation" was p r e f e r r e d t o Improve the learning process of 
dental problem solving. 
The chosen Improvements of the problem solving process can be 
summarized as follows: 
1. Improvement of the quality of the problem solutions obtained 
by the PS M can be established by means of Instruct ion. 
2. Judging the c r i t e r i a " fast" and " e f f e c t i v e " , the instruc­
tional method by which students observe an Inexperienced 
problem solver who Is corrected by a teacher, Is p r e f e r r e d . 
3. The Instructional method which provides students an o r i e n ­
tat ion to the problem's character ist ics Is also effect ive 
although more time-consuming. 
4. The "paper and pencil" type of simulation Is p r e f e r r e d to 
Improve resolving management problems. 
The application of the Instructional methods chosen and the 
Ρ M Ps will subsequently elaborated upon. 
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7.6. Application of the Instructional methods 
7 .6 .1 . Vicarious learning. 
In the study conducted by Vaags (1975), vicarious learning was 
presented to students as an audio-visual tape-record ing. A 
problem In the field of engineering was analysed by the 
Investigator. I t was determined at which places In the problem 
solving process students usually make mistakes. After several 
rehearsals In which a " t ra ined student" resolves the problem 
making all possible mistakes, cor rec ted by a teacher, the 
exercise was video-taped. 
The concept of vicarious learning assumes that the observing 
students notice how and where In the problem solving process 
fai lures occur and how they can be avoided. 
Assuming that engineering problems are comparable to dental 
problems, vicarious learning can be effect ive In dental 
education also. 
In dental education the problem to be resolved is a management 
problem. Using vicarious learning the construction of a t r e a t -
ment plan by an "Inexperienced problem solver" must be recorded 
on video-tape. The recordings must clearly outline the content 
of the management problem and the common mistakes made In con-
struct ing treatment plans. On the video-tape the Inexperienced 
student should ut i l ize: 
- The Problem Solving Model 
- The form "observation, recognit ion, f ind ing" . 
- One or more "problem solving forms" (level 1-4). 
- The evaluation system 
- The form "progress notes". 
Depending on the dif f iculty of the management problem (see 
paragraph 9.3.) video-tapes are required for each d i f f icu l ty -
level. 
7.6.2. The Instructional method which orientates students to 
character ist ics of the problem 
The concept underlying this Instructional method claims that 
the problem solver will recognize relevant Issues concerning 
the problem by means of answering specific questions. The ob-
tained Information faci l i tates resolving the problem. For 
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Instance, the question: "Could you Indicate which structures In 
the oral cavity are affected by the Identified problems?" 
Induces a problem solver to assess the consequences of the 
Identified problems to the patient's oral health. The question 
may serve as an orientation to the Intermediate phase 
"categorized problem l is t " . If a problem should affect the 
periodontium, the student can classify this problem as a 
PE R(Iodontal) problem. The problem solver Is faced with the 
character ist ics of the problem. In this case the consequences 
to a patient. Schmidt and Bouhuys (1979) designate these 
questions "stimulating questions". Stimulating, because they do 
not aim at co r rec t answers, but at stimulating the problem 
solver's thinking process. Apart from the solving Instructions 
In the solving process, It Is possible to formulate stimulating 
questions which guide students In conducting the solving 
process. Schmidt and Bouhuys distinguish f ive types of 
stimulating questions: 
1. The opening question. 
This type of question Is meant to Init iate the problem 
solving process by elucidating the problem formulat ion. 
"Where Is the problem formulation aiming at?" Is an example 
of an opening question. 
2. The expl ic i t-quest ion. 
This question causes the problem solver to think more 
profound and more st ructured so a clear Insight Into the 
problem will be obtained. "Can you elaborate upon this 
subject?" Is a typical exploi tat ion question. 
3. The question which askes to generate alternatives. 
To prevent problem solvers from sticking to only one hypo-
thesis or solution, they are asked te generate alternatives, 
forcing them to consider other perspectives. For example: 
"Could other factors have contributed to this problem?" 
4. The question concerning the tenabll l ty of an induction. 
Problem solvers may generalize problems and solutions. 
Unwittingly, problem solvers may Judge a problem to be 
similar to a problem which they succesfully resolved before 
and they expect this solution also to be applicable In this 
situation. An induction-question causes problem solvers to 
specify their allegations. For example: "Does the model-
solution seem appropriate to you for this specific problem?" 
4. The deduction-question. 
When decisions are made I t can be useful to test the effects 
of the decisions. The problem solver Is asked to 
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prognosticate the consequences of the decisions. In 
addition, other decisions can be evaluated by asking: "What 
would happen If . . . 7 " . 
For each of the solving Instructions In the Ρ SM one or more 
examples of stimulating questions will be described. For this 
purpose the solving Instructions are placed between quotation-
marks and the accessory Intermediate phase Is printed In 
capitals. 
1. "Select all problems found during observation with regard t o 
this level" results In PROBLEM L I S T . 
To Init iate the problem solving process all observed problems 
which relate t o the chosen level of t reatment planning should 
be listed. 
Stimulating questions 
- Opening-question: Which problems did you notice during the 
examination? 
- Explicit-question: If you check your observations, could you 
make a list of the problems which you encounter and write 
them down In this order? 
- Alternative-question: If you recheck the observations, do you 
notice any problem which does not occur on your list? 
- Induction-question: Do all problems on your list r e f e r to the 
urgency c r i t e r i a of this treatment phase? 
- Deduction-question: If you f o r g o t t o mention a problem on 
your list at this stage, what would the consequences be t o 
the treatment plan and the patient? 
2. "Translate the problems Into a final goal(s) regarding this 
levels problems" results In LEVEL GOAL. 
The problems are translated Into one or more level goals. The 
problem solver Indicates what s/he Intents t o achieve after 
t reatment. 
Stimulating questions. 
- Opening-question: Could you give a global Indication of your 
achievements when treatment on this level Is completed? 
- Explicit-question: What Is the exact situation In this 
patient's oral cavity after completion of treatment? 
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- Alternative-question: If you examine this level's urgency 
c r i t e r i a , are all c r i t e r i a represented In the description of 
the level goal? 
- Induction-question: Does your description of the level goal 
specifically relates to this patient's problems or Is I t 
generally applicable to every patient? 
- Deduction-question: If you should fall t o describe the level 
goal properly, how would you evaluate the treatment 
rendered? 
3. "Categorize all problems In the available problem fields" 
results in CATEGORIZED PROBLEM L I S T . 
The problems are categorized In problem fields. The categories 
are subsequently utllzed In determining treatment p r i o r i t i e s . 
Stimulating questions. 
- Opening-question: W hlch of the problems can be character ized 
as С ARIology-problems? 
- Explicit-question: Did you categorize all Identif ied problems 
In at least one problem field? 
- Alternative-question: Are there problems t h a t can be cate­
gorized In more than one problem field? 
4. "Generate treatment alternatives for each problem" results 
In TREATMENT ALTERNATIVES. 
For each problem field and for each problem a number of 
treatment alternatives are generated. The alternatives are 
derived from available knowledge and acquired experiences. 
Stimulating questions. 
- Opening-question: Is at least one treatment alternative 
available for each problem? 
- Explicit-question: What would you do to gain more Information 
on this t reatment alternative? 
- Alternative-question: Do other alternatives resolve this 
problem also? 
- Deduction-question: Did you mention t reatment alternatives 
which you already consider to be Inapplicable? 
5. "Analyse the treatment alternatives and choose the best" 
results In CHOSEN ALTERNATIVES. 
The problem solver analyses the generated treatment altei— 
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natives and selects an appropriate one. If no appropriate 
al ternat ive can be selected, fu r ther treatment alternatives 
should be generated or more Information on the available 
alternatives should be gained by consulting l i terature, 
colleagues or facul ty. 
Stimulating questions. 
- Opening-question: Can you think of one or more treatment 
alternatives to the problems Identified? 
- Explicit-question: Are all generated treatment alternatives 
applicable to this situation? 
- Alternat ive-quest ion: Are the other alternatives you have 
generated not equally capable of resolving this problem? 
- Induction-question: Does one chosen alternat ive by chance 
resolve more than one problem? 
- Deduction-question: If you cannot make a good choice, are 
other t reatment alternatives available for this problem? 
6. "Just i fy the chosen alternatives and place them In a logical 
sequence" results In TENTATIVE TREATMENT SEQUENCE. 
If acceptable alternatives were chosen to the various problems, 
they are recorded In a logical sequence. 
Stimulating questions. 
- Opening-question: Which just i f icat ions lead to the al terna-
tives chosen? 
- Explicit-question: Which indications can be obtained to 
decide whether a problem should be resolved pr ior to another? 
- Alternative-question: Wich other factors might Influence the 
t reatment sequence? 
- Deduction-question: If you would resolve the f i rs t problem In 
the treatment sequence, does this a f fect the solution of the 
subsequent problems? 
7. "Cr i t i c ize the tentat ive treatment sequence and consult the 
pat ient" results In DEFINITIVE TREATMENT SEQUENCE. 
The tentat ive treatment sequence Is cr i t ic ized by the students, 
a member of faculty and the patient. The treatment sequence Is 
adjusted resulting in the definit ive t reatment sequence. 
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Stimulating questions. 
- Opening-question: If you read the treatment plan cr i t ica l ly , 
do you sti l l agree with the things you stated? 
- A Iter nati ve-question: W hat t reatment would you advice If your 
patient disagrees with your plans? 
- Induction-question: Which factors concerning this patient 
(history, background) could cause you to t r e a t this patient 
differently than you usually do? 
- Deduction-question: If the definit ive treatment sequence was 
altered, does this cause additional problems when treatment 
Is conducted? 
Θ. "Conduct treatment by applying the chosen alternatives and 
In conformity with the t reatment sequence" results In 
TREATMENT RESULTS. 
This Is not a solving Instruction for a thinking act but an 
Instruction t o conduct perceptual-motor actions. The planned 
activities are performed and the treatment results are 
obtained. 
Since I t is not a typical solving Instruction, no stimulating 
questions will be formulated. 
9. "Evaluate the treatment results by relating them t o the 
level goal" results In renewed OBSERVATION. 
The treatment results are evaluated by relating them t o 
previously formulated level goal(s). 
Stimulating questions. 
- Opening-question: If you study the treatment results, did you 
expect these when you started treatment? 
- Explicit-question: Which parts of your treatment plan were 
not completed or turned out d i f ferent ly than you expected? 
- Alternative-question: Which other factors (treatment time, 
cooperation, etc.) caused your t reatment plan to be adjusted 
during treatment? 
7.7. Appi 1catI on of Patient Management Problems 
Ρ MPs were developed to simulate history-taking, clinical 
examination and the problem solving processs (McGulre et al. , 
1976). At f i r s t they were uti l ized to test knowledge of medical 
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students concerning patient management. Because students 
responded favourably to Ρ MPs, they were subsequently applied In 
education to acquire knowledge. 
PMPs are still mainly used as a measuring Instrument In 
evaluating problem solving skills. Comparatively few ef for ts 
were made t o Investigate the effects of PMPs as a learning 
device. An Investigation by Adams et a l . (1979) Indicated t h a t 
PMPs are applicable In post-graduate dental education. The 
dentists In this study considered a Ρ MP to be a useful 
Instrument to measure the i r problem solving skills. In 
addition, the authors concluded t h a t a PMP Is an Interesting, 
useful and enjoyable type of simulation, worthwlle to Introduce 
Into dental education. 
An extensive orientation to PMPs Is provided In chapter 8. 
7.8. Discussion 
The procedure applied t o establish a qualitative Improvement of 
the problem solving process does not provide an exhaustive 
number of possible solutions. The chosen solutions must be 
subject of f u t u r e Investigations to observe the effects In 
dental education, for Instance, In a treatment planning course. 
The Investigations should reveal which of the chosen solutions 
will have the most favourable effects on student dentists In 
learning to resolve dental problems. A reorientation on the 
generated possible solutions becomes desirable If none of the 
chosen solutions results In the required Improvements. 
The Instructional method which orientates students to the 
character ist ics of the problem, proved t o be ef fect ive. This 
Instructional method stimulates divergent thinking since not 
only the problem Itself but also the environment of a problem 
Is examined. This character ist ic Is part icular ly Important to 
the solution of dental problems because In dentistry multiple 
problems have t o be resolved and possible Interference of an 
alternative with other treatment alternatives may occur. These 
characterist ics specifically require divergent thinking. 
Besides, the open-ended nature of dental problems may procure 
more than one appropriate solution. 
Experiences gained In medical education with this Instructional 
method are encouraging. Schmidt (1979 and 1983) denotes 
application of this Instructional method as problem based 
learning, Indicating t h a t students acquire knowledge and skills 
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by resolving problems. Divergent thinking continually Induces 
students t o gather new Information t o attain qualitatively 
better solutions. This advantage of problem based learning Is 
applicable to dentistry since new Information on dental 
subjects Is continually Issued. 
Only one publication on the use of Ρ MPs is dentistry was 
available. However, simulation seems a suitable learning device 
and an appropriate Instrument for measuring problem solving 
skills. Paper and pencil simulation in medical education 
appeared to be a valid Instrument In evaluating problem solving 
skills (McGuire, 1976; Faber, 1977). Berner et al. (1977) and 
Newble et al. (19Θ2) dispute this val id i ty. In addition, the 
medical content of a Ρ MP was found t o affects the problem 
solution. 
I t can t h e r e f o r e be concluded t h a t Ρ MPs may be valuable In 
measuring dental problem solving skills and acquiring 
knowledge. However, If applied as measuring instruments, the i r 
validity should be determined. 
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CHAPTER 8. PATIENT MANAGEMENT PROBLEMS 
8 . 1 . Introduction 
In their book concerning the changes in medical education 
during the last decennia, Gerrltsma and Smal (1974) describe a 
situation In which a medical student examines a patient In the 
presence of a medical teacher and several students. After the 
examination the student states his diagnosis. The teacher 
reacts by asking the patient: "How did your experience the 
examination as performed by the student?" 
The authors I l lustrate an application of simulation In medical 
education. The patient turned out t o be an actor who was 
Informed of the questions which the student was going to ask. 
Simulation Is also applied In dental education with emphasis on 
perceptual-motor skills. During such tra in ing the treatment of 
"phantom-head patients" simulates patient treatment when 
students provide ar t i f ic ia l or extracted natural teeth with 
restorations under conditions, which are an Imitation of the 
clinical situation. In medical science experience was gained 
concerning simulation of patient management. Diagnosing 
abnormalities, investigating a patient's complaint and 
subsequently solving these problems were p a r t of this 
simulation. Based on the experience gained In medical 
education, Patient Management Problems may prove to be 
applicable In dentistry and dental education to evaluate 
problem solving sklls. 
This chapter describes how Ρ MPs for medical use are designed. 
In addition an analysis of the differences between the nature 
of medical and dental problems will be conducted. These d i f f e ­
rences will result In a modified s t r u c t u r e for dental Ρ MPs. 
Finally concrete suggestions for constructing dental Ρ MPs will 
be formulated. 
8.2. The structure of medical PMPs 
The s t r u c t u r e of PMPs for use In medical education was des­
cribed by McGuIre et al. (1976) and Marshall and Fabb (1981). 
They Indicated that a Ρ MP consists of several parts which will 
be described successively. Figure 8.5. depicts a survey of the 
coherence between the various parts. 
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8 . 2 . 1 . The opening scene 
A PMP begins with an opening scene In which the problem situa-
t ion Is outl ined. I t Is a realist ic description of a patient 
having a complaint which forces him to see a physician. The 
opening scene contains Information on the following aspects of 
the management problem: 
a. The setting of the problem 
The problem solver must gain an Impression of the circum-
stances under which s/he has to solve this problem. An 
opening scene has the following format: "You are a physician 
and are In charge of nlghtduty for your colleagues. You are 
a general pract i t ioner In a medium sized city with off ice at 
home and with the faci l i t ies of the regional hospital at 
your disposal. I t Is Christmas night when at two o'clock you 
are awakened by the telephone. A woman In an excited state 
of mind explains to you, that her five year old daughter 
woke up with severe pain In her belly. Her husband is on his 
way to bring the child to you. I t Is your task to diagnose 
the girl 's problem and to Init iate therapy. If necessary." 
This description globally ref lects the problem as well as 
what the problem solver Is expected to do. In the example 
described the problem solver Is a general pract i t ioner who 
has use of hospital faci l i t ies. The child Is a five year old 
g i r l . The complaint Is severe belly-ache. The fact 
"Christmas night" Indicates that certainly no colleague Is 
available for consultation. 
b. The role of the problem solver 
The role a problem solver plays must be determined expl i -
cit ly In the opening scene. In the previous example the 
problem solver Is a general pract i t ioner . The Impersonation 
of the role Is very Important. If the problem were described 
for a speclallst In Internal diseases Instead of a general 
pract i t ioner , this would have an essential Influence on the 
problem solving process, since the specific know-how of spe-
cialists enables them to diagnose and solve a complaint more 
ef fect ively. 
c. The task of the problem solver 
The opening scene must describe clearly what the problem 
solver Is expected to do. 
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The last sence of the previously mentioned example defines 
the problem solver's task. The problem solver Is expected t o 
diagnose the problem and Init iate therapy. Out of this f o r ­
mulation the problem solver derives the goals for the p r o ­
blem solving process. 
d. The limitations of the problem solving process. 
If It Is desirable that a PMP should be solved In a limited 
amount of time or under special circumstances, limitations 
can be Introduced In the opening scene. The example of the 
"Christmas night physician" could be amplified by stating 
that the patient will loose consciousness If treatment Is 
not rendered within one hour. This condition r e s t r i c t s the 
available time for resolving the problem. 
e. Additional Information. 
To present a problem clearly It Is desirable to provide 
additional Information regarding the problem situation. 
However, additional Information may be Introduced t o obscure 
the Important cues since patients seldom produce only 
relevant facts. As an additional d i f f icul ty, the problem 
solver should distinguish relevant from Irre levant 
Information. 
8.2.2. The sections In a PMP 
A section Is a chapter In a PMP containing guestlons (options) 
pr inted In visible Ink and answers to these questions printed 
In Invisible Ink. The answers can be made visible (developed) 
with a special pen. However, other techniques are available. 
The sections can be categorized to content Into four groups: 
data collection sections, management sections, consultation 
sections and att i tude sections. 
8 . 2 . 2 . 1 . Data collection sections. 
In these sections the problem solver can gain Information on 
the patient and the problems t o be resolved. Several types of 
data collection sections can be distinguished, such as a 
"history section" and a "cl inical examination section". Figure 
8 . 1 . depicts an example of a history section. 
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You would ask the following questions. (Select as many as you 
consider necessary): 
OPT I ONS 
1 . What has happened? 
RESPONSES ( I n v i s i b l e ) 
1 . I was h i t by a c a r . That Is 
a l l I can remember. 
2. My heart Is okay. 2 . What Is t h e c o n d i t i o n 
of your heart? 
3 . Did you use a l c o h o l b e f o r e 3. No, I was sober, 
the accident? 
4 . Are you vaccinated a g a i n s t 4 . Yes, approximately 10 years 
tetanus? ago. 
5 . What Is your p r o f e s s i o n ? 5. I am a p r o f e s s i o n a l f o o t b a l l 
p l a y e r f o r the l a s t 4 y e a r s . 
F i g u r e B . I . A h i s t o r y s e c t i o n as an example of a p a t i e n t 
I n f o r m a t i o n s e c t i o n . 
A Ρ MP may c o n t a i n v a r i o u s e x a m i n a t i o n s e c t i o n s . Sect ions f o r 
r a d i o g r a p h i c examinat ion and g a t h e r i n g l a b o r a t o r y data can be 
Inc luded depending on t h e c o m p l e x i t y of t h e p r o b l e m . 
F i g u r e Θ . 1 . I n d i c a t e s t h a t some quest ions are r e l e v a n t while 
o t h e r s a r e n o t . I f a p r o b l e m solver develops an I r r e l e v a n t 
response, an I n c o r r e c t o r less e f f e c t i v e problem solv ing 
pathway Is c h o s e n . Since t h e o b s e r v a t i o n p a r t and t h e problem 
solv ing r o u t e In a Ρ MP a r e v e r y I m p o r t a n t f e a t u r e s , a problem 
s o l v e r should r e c e i v e f e e d b a c k If f a i l u r e s o c c u r . In an 
e v a l u a t i o n s e c t i o n t h e p r o b l e m s o l v e r can be n o t i f i e d of t h e 
e r r o n e o u s chosen r o u t e . Feedback p r o c e d u r e s will be e l a b o r a t e d 
upon In p a r a g r a p h s Θ . 2 . 3 . 1 . and Θ . 2 . 4 . 
8 . 2 . 2 . 2 . Management s e c t i o n s 
T h r o u g h management s e c t i o n s a problem solver Is enabled t o 
c o n d u c t t h e a c t i o n s s/he desires within t h e l imits of t h e P M P . 
In medical s c i e n c e v a r i o u s t y p e s of management sect ions e x i s t . 
A s e c t i o n " d r u g t h e r a p y " , f o r I n s t a n c e , l ists a number of 
medicines f r o m which one Is t o be c h o s e n . S u r g e r y sect ions, 
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p s y c h i a t r y s e c t i o n s and p h y s i o t h e r a p y s e c t i o n s a r e o t h e r 
examples of management s e c t i o n s . F i g u r e Θ.2. d e p i c t s an example 
of a s u r g e r y s e c t i o n as a c o n t i n u a t i o n of t h e problem In F i g u r e 
8 . 1 . 
Choose o n l y two o p t i o n s t o solve t h e problem: 
OPTIONS RESPONSES ( I n v i s i b l e ) 
1 . You a d m i n i s t e r general 1. 
anaesthesia and Immobi l ize 
the l e g . 
2. You a d m i n i s t e r local anaes- 2. 
t h e s l a and Immobi l ize t h e 
l e g . 
3 . You decide t o Immobi l ize the 3. 
leg using gypsum. 
4 . You decide t o Immobi l ize 
p a r t i a l l y using t a p e . 
P a t i e n t recovers and Is d i s ­
missed a f t e r two days. 
F u r t h e r pol I c i In lea I t r e a t ­
ment remains necessary 
END OF PROBLEM 
The p a t i e n t f a i n t s d u r i n g 
t h e local anaesthes ia. 
TURN TO SECTION 8. 
The p a t i e n t i s In g r e a t 
p a i n , but the t r e a t m e n t Is 
succesf u l . 
END OF PROBLEM. 
The p a t i e n t recovers and 
w i l l be able t o play f o o t -
b a l I soon. 
END OF PROBLEM. 
F i g u r e 8 . 2 . : Example of a s u r g e r y s e c t i o n t o I l l u s t r a t e a 
management s e c t i o n . 
Only f o u r o p t i o n s a r e a v a i l a b l e In t h i s example. T h r e e o p t i o n s 
lead t o a good t r e a t m e n t r e s u l t ( o p t i o n s 1,3 and 4 ) . Response 2 
r e f e r s a s t u d e n t t o a n o t h e r s e c t i o n . Whenever c o m p l i c a t i o n s 
a r i s e d u r i n g t r e a t m e n t a new problem Is I n t r o d u c e d which should 
be managed. This I l l u s t r a t e s t h a t p r o b l e m - s o l v i n g pathways 
d i v e r g e depending on t h e c h o i c e made In a s e c t i o n . A v a l u a b l e 
f e a t u r e of a Ρ MP Is t h e o p p o r t u n i t y t o c o n f r o n t p r o b l e m - s o l v e r s 
with t h e r e s u l t s of t h e i r I n c o r r e c t t r e a t m e n t decis ions. 
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8 . 2 . 2 . 3 . Consu l ta t ion sec t ions . 
To p rov i de a problem so lve r with e x p e r t advice I t Is possible 
t o design consu l ta t i on sec t i ons . The problem solver may need 
th is adv ice In making t r e a t m e n t dec is ions. Consul ta t ion sec-
t i o n s a re useful t o con t i nue the prob lem solv ing process If a 
problem so lver Is Insecure In making t h e c o r r e c t dec is ion. 
The number of e x p e r t s , t he e x p e r t ' s qua l i t y , and t h e na tu re of 
t he adv ice de te rm ine t h e c o n t e n t of a consu l ta t ion s e c t i o n . 
F i g u r e 8 . 3 . shows an example of a consu l ta t i on s e c t i o n . 
Choose as many op t i ons as you cons ider s t r i c t l y necessary: 
OPTIONS RESPONSES ( I n v i s i b l e ) 
1 . You consu l t a n e u r o l o g i s t . 1 . The neu ro log i s t diagnoses no 
b r a i n damage. He suggests 
you t o t r e a t the l e g . 
2 . The or thopaedic surgeon 
advises t o Immobi l ize the 
leg using gypsum. 
3. The p h y s i o l o g i s t advises 
t o Immobi l ize the leg using 
tape . The minor m o b i l i t y of 
the leg prevents s t i f f n e s s 
of the knee. 
You consu l t an or thopaed ic 
surgeon. 
You consu l t a s p o r t s -
p h y s l o l o g l s t . 
F i g u r e 8 . 3 . Example of a consu l ta t i on s e c t i o n . 
The sect ion In t h e example of F i g u r e 8 . 3 . conta ins t h r e e o p -
t i o n s . The cho ice t o consu l t a neu ro log i s t delays t h e t r e a t -
ment, bu t Is harmless t o t h e p a t i e n t . Both o t h e r opt ions r esu l t 
In t r e a t m e n t and In an adequate so lut ion of the problem 
a l though a consu l ta t i on of a spo r t s phys io log is t takes t h e 
pa t i en t ' s p ro fess ion In to accoun t and can t h e r e f o r e be c o n -
s idered a qua l i t a t i ve l y b e t t e r op t ion If t h e problem solv ing 
pathway Is e v a l u a t e d . 
c h a p t e r 8 193 
8 . 2 . 2 . 4 . A t t i t u d e sec t ions . 
A problem so lver can cons ider a f f e c t i v e aspects of a p rob lem, 
l ike pain, f e a r and mis t rus t , as add i t i ona l prob lems. A t t e n t i o n 
can be paid t o these a f f e c t i v e problems In subsequent pa t i en t 
In fo rmat ion sect ions and management s e c t i o n . I f t h e PMP Is 
p a r t i c u l a r l y meant t o t e s t t h e prob lem so lve r ' s ski l ls concei— 
nlng pain c o n t r o l , handl ing f e a r , e t c . , t h e designer of a PMP 
can I n t r oduce specia l a t t i t u d e sec t i ons . F i g u r e 8 . 4 . dep ic ts 
such an a t t i t u d e s e c t i o n . A physic ian has t o give a 5 - y e a r old 
g i r l an I n j e c t i o n . When she f inds o u t what Is going t o happen, 
she re fuses t o c o o p e r a t e . 
Choose on ly one o p t i o n unless o therwise d i r e c t e d : 
OPTIONS RESPONSES ( I n v i s i b l e ) 
1 . You l e t the nurse ho ld the 1 . The p a t i e n t s t rugg les 
c h i l d and g ive the f i e r c e l y and screams 
I n j e c t i o n . l o u d l y . The I n j e c t i o n Is 
g i v e n . END OF PROBLEM. 
2 . You adminis ter a t r a n q u i l - 2 . The g i r l swallows the 
l l z e r and g ive the I n j e c - t a b l e t and a l lows the 
t l o n . I n j e c t i o n . END OF PROBLEM. 
3. You admin is ter n i t r o u s 3. The c h i l d becomes less 
ox ide and g ive the I n j e c - o b s t i n a t e and a l lows the 
11 on 1 nj ec t I on . 
4 . You I nqu i re a f t e r t he name 4 . The g i r l Is d i s t r a c t e d , 
of the c h i l d ' s d o l l . Nevertheless she re fuses 
the I n j e c t i o n . Choose 
another o p t i o n . 
F i g u r e 8 . 4 . Example of an a t t i t u d e s e c t i o n . 
F igu re 8 . 4 . I l l u s t r a tes how a f f e c t i v e ski l ls can be t e s t e d 
using s imu la t ion . D i f f e r e n t weights can be a t tached t o the 
var ious op t ions . A l though opt ion 4 does not lead t o a p r o p e r 
solut ion of t h e problem i t may r e c e i v e a high weight . 
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Figure 8.5. shows how the various sections In a PMP relate to 
one another. In addition, the relat ion between the sections and 
the actual problem solving process Is indicated. The arrows 
provide an Idea of the number of possible problem solving 
pathways that can be chosen. 
STRUCTURE OF A PMP PROBLEM SOLVING PROCESS 
OBSERVATION AND 
DATA ANALYSIS 
PROBLEM SOLVING 
AND EVALUATION 
Figure 8.5. The s t ruc ture of a PMP. 
8.2.3. The segments in a section. 
Depending on the type of simulation (paragraph 8.2.3.2.) a 
section contains two segments. Option segments contain the 
questions out of which students must make a choice while bridge 
segments relate to the problem solving process. Through bridge 
segments the problem solver moves from one section to another. 
Figure 8.6. i l lustrates a section with an option segment and a 
bridge segment In a case of linear simulation. The term "l inear 
simulation will be explained In paragraph 8.2.3.2. 
8 .2 .3 .1 . The option-segments. 
Generally option segments contain specific data, actions or 
interventions. For evaluation reasons It Is part icular ly 
important to design an option segment that distinguishes 
between good and poor problem solvers. As a fur ther requirement 
the responses must confront the problem solver with the results 
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of t h e c h o i c e t o p r o v i d e Immediate f e e d b a c k . 
Section A 
- option 
- option 
- option 
- option 
- option 
- option 
- response 
- response 
- response 
- response 
- response 
- response 
Turn t o s e c t i o n X 
Option segment 
B r i d g e segment 
F i g u r e 8 . 6 . Example of an o p t i o n segment and a b r i d g e segment 
In l i n e a r s i m u l a t i o n . 
Depending on t h e i r c o n t r i b u t i o n t o a good s o l u t i o n of t h e p r o ­
blem, opt ions In a sect ion may be u s e f u l , n e u t r a l o r h a r m f u l . 
F ive subtypes of o p t i o n s can be d ist inguished ( T a b l e 8 . 1 . ) . 
Table 8 . 1 . Opt ions, c a t e g o r i z e d i n t o t h r e e t y p e s and f i v e 
s u b t y p e s . 
A. USEFUL OPTIONS 
- Inquiries and actions essential to do 
- Fad 1 Itati ve Inquiries and actions 
B . NEUTRAL OPTIONS 
- Non c o n t r i b u t o r y I n q u i r i e s and a c t i o n s 
- Impeding I n q u i r i e s and a c t i o n s 
С HARMFUL OPTIONS 
- I n q u i r i e s and a c t i o n s e s s e n t i a l t o a v o i d . 
"Essent ia l t o d o " o p t i o n s must be developed because t h e y 
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contain Information, essential t o solving the problem 
c o r r e c t l y . Facl l i tat lve options contr ibute to a c o r r e c t 
solution of the problem although they are not essential. The 
revealed Information enables the problem solver to proceed more 
ef fect ive ly. Neutral options are I rrelevant to the solution of 
the problem. They are neither harmful nor useful. Impeding 
options lead t o a less adequate solution of the problem because 
an Incorrect problem solving pathway Is chosen. However, on the 
detour the c o r r e c t pathway can be attained. 
"Essential t o avoid" options may never be chosen because of 
their decisively unfavourable Influence on the solution of the 
problem. 
If desired, a section can be supplied with one or more (sub-) 
types of option segments depending on the degree of complexity 
of the problem. A (sub-)type of option may occur more than 
once. 
8.2.3.2. The bridge segments 
A bridge segment within a section Instructs a problem solver to 
move from one section t o another, for Instance from a patient 
Information section to a management section. A bridge Instruc­
tion may appear as a response to an option In case of a 
branched simulation, or Is added at the end of a section In 
linear simulation. Figure 8.7 shows both features of bridge 
Instructions combined In one section. 
The bridge Instructions In this example lead to 3 d i f ferent 
sections depending on the option chosen. Section X will provide 
Information on allergies and section Y deals with the use of 
eventual Interfer ing drugs. If I t Is the aim of the Ρ Μ Ρ t o lead 
the problem solver t o either sections X or Y. Additional data 
on general causes of the problem Involved may be obtained In 
section Z. A bridge Instruction In section Ζ then may lead back 
t o section X or Y. 
The number of bridge Instructions and their mutual coherence 
determine the number of problem solving pathways. In linear 
simulation only one route Is available. Branched simulation 
provides various pathways of which some are c o r r e c t and some 
are not. Four types of simulation can be applied In construc­
t ing Ρ MPs. 
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Choose as many options as you consider necessary. 
OPTIONS RESPONSES (Invisible) 
1. When did you first notice 1. About 2 months ago. 
you were getting short of 
breath? 
2 . Do you have hear t con- 2 . No, I do no t . 
s t r a t n t s ? 
3 . Do you have any a l l e r g i e s ? 3 . TURN TO SECTION X. 
4 . Do you fee l any pain? 4 . No, I do no t . 
5 . Are you using medicines? 5. TURN TO SECTION Y. 
Unless d i r e c t e d o the rw ise , TURN TO SECTION Z. 
F igu re 8 . 7 . Example of a b r i dge segment In a b ranched t y p e of 
s imu la t ion . 
L i n e a r s imu la t ion . 
In l i nea r s imulat ion all p rob lem so lve rs a r e f o r c e d t o 
choose the same prob lem so lv ing pa thway. A b r i dge 
I ns t ruc t i on In a l i near s imulat ion has t h e f o r m a t "TURN TO 
SECTION X" and appears as t h e only b r i d g e I ns t ruc t i on a t t h e 
bottom of a s e c t i o n . 
Simulat ion with f r e e - b r a n c h i n g . 
This t y p e of s imulat ion p r o v i d e s t h e problem so lver with 
va r ious poss ib i l i t ies t o con t inue the problem solv ing 
process . The example In F i g u r e 8 . 7 . I l l u s t r a tes t h e f r e e -
b ranch ing t e c h n i q u e . 
The f o r m a t of t h e I n s t r u c t i o n Is s imi lar t o l inear s imula-
t ion with mul t ip le appea rance of t h e Ins t ruc t i ons being 
c h a r a c t e r i s t i c t o f r e e - b r a n c h i n g . 
Simulat ing with modi f ied f r e e - b r a n c h i n g . 
Modi f ied f r e e - b r a n c h i n g Is nea r l y s imi lar t o t h e f r e e -
branch ing t e c h n i q u e . The b r i dge I ns t r uc t i ons pers is t In 
r e f e r r i n g t h e problem so lver wi th in t h e sect ion unt i l a 
desi red opt ion Is chosen. This t echn ique Is I l l u s t r a ted In 
F igu re 8 .8 . 
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You want t o : (choose o n l y one o p t i o n unless d i r e c t e d otherwise) 
OPTIONS 
42. Prescribe a tranquillizer. 
43. Prescribe a sedative. 
44. Dismiss the patient. 
45. Consult a colleague. 
46. Refer the patient to a 
surgeon. 
RESPONSES (Invisible) 
42. As a result the patient Is 
In pain but he does not 
mind anymore. Proceed 
therapy and choose another 
option. 
43. The pain Is releaved. 
Proceed therapy and choose 
another option. 
44. The patient refuses. 
Choose another option. 
45. TURN TO SECTION N. 
46. TURN TO SECTION 0. 
F i g u r e 8 . 8 . B r i d g e I n s t r u c t i o n s In a modif ied f r e e - b r a n c h i n g 
t y p e of s i m u l a t i o n . 
This example I l l u s t r a t e s t h a t t h e problem s o l v e r always ends 
a t o p t i o n 45 or 4 6 . O t h e r o p t i o n s I n d i c a t e Improper manage­
ment. 
Modi f ied f r e e - b r a n c h i n g r e q u i r e s a d i f f e r e n t k ind of I n ­
s t r u c t i o n at t h e t o p of t h e sect ion (choose only one o p t i o n 
unless d i r e c t e d o t h e r w i s e ) . 
Simulat ion with f o r c e d b r a n c h i n g . 
F o r c e d b r a n c h i n g Is appl ied If a s e c t i o n c o n t a i n s t r e a t m e n t 
decisions which a l t e r t h e problem s i t u a t i o n r a d i c a l l y . Once 
a problem s o l v e r has chosen such o p t i o n s/he Is f o r c e d t o 
work o u t t h e consequences of t h e decision with no oppoi— 
t u n l t y t o r e t u r n t o t h e c o r r e c t problem solv ing pathway 
b e f o r e t h e c o m p l i c a t i o n s which have developed a r e e l i m i n a ­
t e d . 
8 . 2 . 4 . The s c o r i n g system. 
A f i n i s h e d Ρ MP Is e v a l u a t e d by s u r v e y i n g t h e s e c t i o n s . The 
o p t i o n s chosen I n d i c a t e a problem s o l v e r s a b i l i t y t o p e r f o r m a 
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clinical examination and t o resolve the problem. To express 
problem solving skills In a grade the options are assigned a 
weight. Correct ly chosen options. Incorrect ly chosen options, 
but also essential options t h a t were not chosen, contr ibute to 
the final grade. Many aspects Influence the design of a grading 
system, one system being more valid than others (paragraph 
7.Θ.). Based upon the option's usefulness, neutral i ty or 
harmfulness t o the solution of the problem, the assigned 
weights could be - 1 , 0 and +1 respectively. However, other 
grading systems which take relevant factors Into account, can 
be designed. The development of a grading system for dental 
Ρ MPs will be described In chapter 9. 
Θ.3. Dental problems and PMPs 
In medical education PMPs were applied successfully. Students 
enjoyed solving PMPs (McGulre. 1976). To Investigate the 
appllablllty of PMPs In dental education, medical PMPs cannot 
be adopted unconditionally since the nature of dental problems 
and the manner In which they are solved di f fer from medical 
problems. T h e r e f o r e , the Problem Solving Model can af fect the 
s t ructure of PMPs for use In dental education. The effects of 
the PS M on dental PMPs part icu lar ly proceed from Its function 
as a basis for or ientat ion. 
To gain an Insight In the nature of dental problems compared t o 
medical problems, differences between dental and medical 
problems will be listed In the next paragraphs. In addition, 
the effects of the PS M on dental PMPs will be discussed. 
8 . 3 . 1 . Differences between dental and medical problems. 
a. The f i r s t di f ference between dental and medical problems t o 
be considered consists of the reason for visiting a dentist 
or a physician respectively. A patient mostly visits a 
physician If a complaint occurs. More frequently than a 
physician, a dentist t r e a t s patients t o prevent complaints. 
In dentistry, recalls for periodic check-ups are common. The 
Implication of this di f ference for the s t ructure of a Ρ MP Is 
that the opening scene does not necessarily contain a 
statement of a problem. Eventual problems may appear after a 
clinical examination Is conducted. As a result the opening 
scene and sections on data collection In dental PMPs must be 
adjusted to situations which are typical In dent istry. 
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b. Often a dentist Is faced with the presence of multiple p r o ­
blems within one patient whereas medical problems mostly 
appear sol i tary. Multiple problems, to be solved In one Ρ Μ Ρ, 
complicate the s t r u c t u r e and t h e r e f o r e the solution. This 
Increase In complexity proceeds from the fact that multiple 
problems should be solved In a specific sequence, but also 
by the Influence a certain treatment alternative may have on 
other problems.Τ hus, dental Ρ MPs should provide a mean to 
solve multiple problems which are mutually re lated. 
c. Contrary to medical problems dental problems generally do 
not threaten a patient's l i fe. This affects the Importance a 
patient attaches t o the problem, for Instance resulting In a 
reject ion of the t reatment alternative which a dentist 
considers t o be the best. The costs of treatment often cause 
a patient t o r e j e c t a dentist's treatment plan. More than In 
medical science a dentist must generate alternative 
solutions which sti l l are acceptable. 
In constructing dental Ρ MPs It should be possible t o 
Incorporate such restr ict ions to assure a realistic simula­
tion of patient management. 
d. In dentistry cognitive skills combined with perceptual-motor 
skills are required to plan and conduct t reatment. Percep­
tual-motor actions In medicine mainly re late to examining 
structures (feeling a patient's pulse, listening to the 
heart-beat, e tc. ) , and listening, prescribing medicines and 
r e f e r r i n g to a medical speclallst. Unlike a physicians, 
dentists have to Identify the problems, generate treatment 
alternatives and conduct t reatmentthrough perceptual-motor 
aclons, all by themselves. 
Tabel θ.2. delineates the differences between medical and 
dental problems. 
8.3.2. The Influence of the Ρ S M on the s t r u c t u r e and content of 
dental Ρ MPs. 
Dental problems can be solved using the PS M as a basis for 
or ientat ion. Ρ MPs contain one or more dental problems, to be 
solved by students. If these students learn t o solve problems 
with the use of the PS M by constructing treatment plans, the 
model should consequently be applied In PMPs. In a PMP the 
model does not only serve the purpose of constructing a 
treatment plan, but also to learn and evaluate problem solving 
skills. 
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Table 8 . 2 . D i f f e r e n c e s between medical and dental p r o b l e m s . 
MEDICAL PROBLEMS DENTAL PROBLEMS 
Mostly a patient requests 
therapy. 
Mostly a solitary problem 
Is to be solved. 
Problems can be a menace 
to a patient's life. 
Most treatment alternatives 
are available. Costs play a 
minor role. 
A p h y s i c i a n can r e f e r a 
p a t i e n t t o v a r i o u s s p e c i a ­
l i s t s f o r c o n s u l t a t i o n or 
t r e a t m e n t . 
Conducting medical t r e a t m e n t 
r e q u i r e s l i m i t e d p e r c e p t u a l -
motor sk i I I s . 
1 . A p a t i e n t requests therapy 
and p r e v e n t i o n . 
2. Most ly m u l t i p l e problems 
are t o be sol ved. 
3. Problems are h a r d l y ever 
per 11 ous· 
4 . Most s u i t a b l e t r e a t m e n t 
a l t e r n a t i v e s may not be 
a v a i l a b l e . Cost can be a 
I Imi t i n g f a c t o r . 
5. A d e n t i s t has l i m i t e d 
o p p o r t u n i t i e s t o r e f e r pa­
t i e n t s t o s p e c i a l i s t s . 
6 . Conducting dental t r e a t m e n t 
r e q u i r e s comprehensive 
perceptua l-motor s k i l l s . 
I t Is b e n e f i c i a l t o t h e q u a l i t y of problem -so lv ing If t h e 
s t r u c t u r e of t h e basis f o r o r i e n t a t i o n can be appl ied In a Ρ M P. 
The r e q u i r e m e n t which t h e PS M d i c t a t e s t o denta l Ρ MPs Is t h e 
poss ib i l i ty t o solve problems In t h e same manner as Is 
accompl ished In c o n s t r u c t i n g t r e a t m e n t p lans. All essent ia l 
aspects of t h e Ρ S M should t h e r e f o r e be a d o p t e d In t h e s t r u c t u r e 
of a denta l Ρ M P. 
θ . 4 . The I n f l u e n c e of t h e nature of dental problems and t h e 
PSM on t h e s t r u c t u r e of PMP's. 
The Impact of t h e d i f f e r e n c e s between medical and dental p r o ­
blems and t h e PSM will be discussed. I t will be d e t e r m i n e d In 
what way medical PMPs must be a d j u s t e d t o be a p p l i c a b l e In 
dental e d u c a t i o n . S p e c i f i c s e c t i o n s of denta l PMPs which will 
be d e s c r i b e d and t h e i r mutual r e l a t i o n s h i p a r e I l l u s t r a t e d In 
F i g u r e Θ.14. 
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θ . 4 . 1 . The Influence of the nature of dental problems on the 
structures of dental Ρ MPs. 
1. The request for therapy versus the request for prevention. 
Characterist ic of medical Ρ MPs Is the opening scene begin­
ning with the statement of the problem. If a patient visits 
a dentist because of a complaint, the opening scene will 
look similarly. If, however, a check-up Is the reason for 
visit, the opening scene needs adjustement. In this respec+ 
It Is relevant t h a t a dentist usually Is acquainted with the 
patient because of former visits. This Implies t h a t a 
dentist possesses a patient r e c o r d . In the opening scene 
these data Including graphical data can be displayed. In the 
patient r e c o r d the dental history of such patient Is already 
registered. Suff icient Information In this respect can be 
obtained by asking the patient whether changes In physical 
and oral health occured since the last visit. 
Data concerning patient history can be Included In the 
opening scene, but t o test a student's abilities In history 
taking and clinical examination, one or more patient Infor­
mation sections, containing patient r e c o r d data can be added 
t o the Ρ M P. Whenever a patient visits a dentist for a 
periodic review without complaints, a specific examination 
directed toward a problem cannot be conducted. In medical 
Ρ MPs a student conducts a problem-oriented examination while 
dental students should systematically examine a patient t o 
t r a c e eventual problems. The defined data base plays a major 
role In this systematic examination. Therefore, the defined 
data base must constitute a section In dental Ρ MPs In which 
the c r i t e r i a (paragraph 3.4.2.) are Included as options. 
As In constructing treatment plans a supplemental data base 
can be added t o the defined data base In a Ρ MP If considered 
necessary. 
2. Multiple dental problems to be solved In one PMP. 
A Ρ MP becomes more valuable If It simulates real i ty. To 
achieve good simulation In dental Ρ MPs It Is necessary t o 
Introduce more than one problem. The management of multiple 
problems requires a more complex s t r u c t u r e of the PMP. 
Phased treatment should t h e r e f o r e be the basis of dental 
PMPs, If multiple problems of d i f f e r e n t urgency require 
attent ion. 
Phased treatment can be Introduced by listing observed 
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problems In a s e p a r a t e s e c t i o n as o p t i o n s whereas t h e 
responses a r e b r i d g e - I n s t r u c t i o n s . F i g u r e Θ.9. I l l u s t r a t e s 
such " p h a s l n g - s e c t l o n " c o n t a i n i n g f o u r problems, c l a s s i f i e d 
Into t h r e e p r i o r i t y g r o u p s , and two d u m m y - p r o b l e m s . The 
p r i o r i t y c l a s s i f i c a t i o n c o r r e s p o n d s with t h e c l a s s i f i c a t i o n 
In t h e PS M ( c h a p t e r 2, T a b l e 2 . 2 . ) . 
A second method t o Inc lude phased t r e a t m e n t In denta l PMPs 
will be d e s c r i b e d In p a r a g r a p h Θ . 4 . 2 . 2 . 
SECTION D 
Which of t h e problems you observed Is next on your p r l o r l t y -
I 1st? (Choose only one problem each t i m e you are d i r e c t e d t o 
t h i s s e c t i o n ) . 
OPTIONS ( p r i o r i t y I s I n v i s i b l e ) RESPONSES ( I n v i s i b l e ) 
1. Problem A ( p r i o r i t y 3 ) . 1 . TURN TO SECTION J . 
2. Problem В (dummy). 2. T h i s problem does not e x i s t . 
Choose another o p t i o n . 
3 . Problem С ( p r i o r i t y 1 ) . 3 . TURN TO SECTION F. 
4 . Problem D ( p r i o r i t y 2 ) . 4 . TURN TO SECTION G. 
5. Problem F (dummy). 5. TURN TO SECTION H. 
6 . Problem G ( p r i o r i t y 3 ) . 6. TURN TO SECTION I . 
TURN TO SECTION К I f a l l problems are r e s o l v e d . 
F i g u r e Θ.9. An example of phased t r e a t m e n t In a d e n t a l P M P . 
This f i g u r e , In which t h e p r i o r i t i e s a r e p r i n t e d f o r t h e 
r e a d e r ' s b e n e f i t , I n d i c a t e s t h a t e v e r y problem r e c e i v e s 
a t t e n t i o n In a s e p a r a t e s e c t i o n . I f a problem s o l v e r s choose 
a c o r r e c t o p t i o n , f o r I n s t a n c e p r o b l e m С ( p r i o r i t y 1), t h e y 
a r e r e f e r r e d t o a s e c t i o n c o n t a i n i n g t r e a t m e n t a l t e r n a t i v e s 
f o r t h i s s p e c i f i c p r o b l e m . In t h i s s e c t i o n t h e most a p ­
p r o p r i a t e t r e a t m e n t a l t e r n a t i v e will be chosen. In a d d i t i o n , 
t h e chosen a l t e r n a t i v e will be r e c o r d e d In a s e c t i o n c o n ­
t a i n i n g t h e t e n t a t i v e t r e a t m e n t s e q u e n c e . From t h i s sect ion 
problem s o l v e r s a r e I n s t r u c t e d t o t u r n back t o t h e s e c t i o n 
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listing the problems (section D). 
In case an I n c o r r e c t option was chosen, the Ρ MP will allow 
two possibilities. The I n c o r r e c t option contains a br idge-
Instruction (forced-branching) leading to a section In which 
the problem solver Is either Informed of his/her I n c o r r e c t 
choice or, If the choice Is Irrevocable, Is faced with the 
ef fect of the I n c o r r e c t choice (option 5 In Figure Θ.9.). 
Option 2 In f i g u r e 8.9. I l lustrates a second bridging 
technique for Incorrect ly chosen options. The problem solver 
Is Informed of his/her I n c o r r e c t choice and Is Instructed t o 
make another choice (modified f ree-branching). By developing 
an Incorrect option the problem solver demonstrates Insuf­
f ic ient knowledge and receives Immediate feedback to allow 
pursuing the c o r r e c t problem solving pathway. 
The section containing the tentat ive treatment sequence Is 
an "open" section, meaning that It contains no options. 
Instead, dotted lines are printed and each line numbered t o 
emphasize the sequence. Τ he tentat i ve treatment sequence may 
contain Incorrect ly Identif ied problems, for Instance, If a 
low p r i o r i t y problem was chosen before a high p r i o r i t y 
problem. A problem solver Is allowed to c o r r e c t the fai lure 
In determining the definit ive treatment sequence (paragraph 
B.4.2.2.). 
3. Dental problems are generally not l i fe-threatening. This 
distinction between medical and dental problems has only 
minor Influence on the construction of dental Ρ MPs. In 
medical Ρ MPs the l i fe-threatening aspect of a problem Is 
used t o motivate a problem solver and causes the problem 
solver t o make a t reatment decision within limited time. If 
desired, dental students can be urged t o solve the Ρ MP 
within a limited period of time, for Instance In solving 
Immediate problems, although this limitation Is not Induced 
by l i fe-threatening aspects of dental problems. 
4. The availability of t reatment alternatives. 
A dentist cannot dispose of available materials and methods 
t o the same extent as a physlcan. The cost of treatment Is a 
limiting factor since health Insurances do not reimburse the 
cost of every t reatment a l ternat ive. This Implies that 
treatment Is subject t o limitations which Influence the con­
structions of dental Ρ MPs. A problem solver cannot always 
choose the best t reatment alternative and must take the 
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patient's f inancial situation Into account. Another limiting 
factor Is the amount of time a patient Is willing to spend 
for dental t reatment . If a patient has limited time 
available, t reatment will consequently be l imited. Data on 
treatment limitations can be Introduced In a Ρ MP at two 
sections: 
- In a section specifically for history some options can 
provide general Information on the patient's limitations 
concerning finances and t ime. 
- More specific Information on a patient's limitations can 
be contained In a section In which the tentat ive t reatment 
sequence Is subject t o c r i t i q u e . The tentat ive t reatment 
sequence Includes Information on treatment costs and 
treatment time. Should a patient disagree on the subject 
of costs or time, this comment can sti l l be taken Into 
consideration In determining the definit ive treatment 
sequence. 
5. Referring a patient t o a speclallst. 
Since dentistry recognizes limited specialties, r e f e r r i n g 
patients t o dental specialists occurs less frequently than 
In medicine. To provide problem solvers with extended oppoi— 
tunltles for consultation, they should be able to consult a 
colleague. However, r e f e r r i n g a patient to a colleague In an 
attempt t o delegate responsibilities should never lead t o a 
(premature) end of a Ρ MP since this procedure does not 
Indicate problem solving abilit ies. 
6. The requirement of cognitive and perceptual-motor skills for 
solving dental problems. 
Solving dental problems requires perceptual-motor skills In 
addition to cognitive skills. The problem of a carious 
lesion for Instance can be solved by removing carles and 
restore the t o o t h . Perceptual-motor actions cannot be 
simulated In Ρ MPs, suggesting t h a t the solution of Ρ MPs ends 
after treatment decisions are made or results In an 
assessment of t reatment results after skipping the treatment 
phase. 
Θ.4.2. The influence of the PS M on the s t r u c t u r e of dental 
Ρ MPs. 
To allow problem solving according t o the PSM the following 
segments of the model should be considered In constructing den-
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t a l PMPs. 
- The def ined data base. 
- Supplemental data base. 
- Recogn i t ion of p rob lems. 
- F ind ings . 
- Urgency based t r e a t m e n t . 
- Solv ing I ns t r uc t i ons and I n te rmed ia te phases. 
- Feedback on prob lem solv ing a c t i v i t i e s . 
- A b b r e v i a t i o n of t h e problem so lv ing process by omi t t ing less 
Impo r t an t t h i n k i n g acts and /o r I n t e rmed ia te phases. 
8 . 4 . 2 . 1 . The o b s e r v a t i o n In t h e PMP 
The In f luences of t h e de f ined and supplementa l data base were 
desc r ibed fn p a r a g r a p h 8 . 4 . 1 . A s e p a r a t e sec t ion was c r e a t e d 
f o r t h e def ined data base In which t h e cues f o r c l i n i ca l 
examinat ion f u n c t i o n as op t i ons . A supplementa l data base can 
be Inser ted s i m i l a r l y . Based upon these suggest ions a "de f i ned 
data base s e c t i o n " has a f o r m a t as I l l u s t r a t ed In f i g u r e 8 .10 . 
SECTION B. DEFINED DATA BASE 
You would now c o l l e c t In fo rmat ion on the next Items (choose as 
many op t ions as you cons ider d e s i r a b l e ) : 
OPTIONS RESPONSES ( I n v i s i b l e ) 
1. 
2. 
3. 
4. 
5 
6. 
7. 
8. 
9. 
10. 
11. 
Medical history. 
Reason for visit. 
Family history. 
General Information. 
The blood pressure. 
Dental history. 
Diet history. 
Radiographic examination. 
Intraoral examination. 
Extraoral examination. 
Oral hygiene history. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
TURN TO SECTION K. 
Periodic check-up. 
Within normal 1 ImIts· 
TURN TO SECTION L. 
Choose another option. 
TURN TO SECTION M. 
TURN TO SECTION N. 
TURN TO SECTION 0. 
TURN TO SECTION P. 
TURN TO SECTION Q. 
TURN TO SECTION R. 
F i g u r e 8 . 1 0 . Def ined data base sec t ion In a P M P . 
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The responses to the options either supply Information 
regarding the chosen option, e.g. option 2, or they re fe r to a 
section. In the section adressed Information on the chosen 
option can be obtained. If one or more problems are discovered 
a problem solver Is Instructed to record the problem In a 
" recognl t lon"-sect lon. This Is an open section which serves as 
a problem list af ter the problem solver has completed the 
examination. Using the problem list students should decide 
which problems should be adressed f i r s t . 
Figure 8 . 1 1 . depicts an examination section. In building this 
section cues from the defined data base In PS M were used (Table 
3.1.). 
SECTION N. Diet history 
Choose as many options as you consider necessary. Record 
recognized problems on the next available l ine In section F. 
OPTIONS RESPONSES (Invisible) 
1. Use of sugar. 
2. Diet. 
3. Energy Intake (KJoules). 
4. Number of meals-
Ten times a day coffee or 
tea with sugar. Occasionally 
sweets. 
Predominantly carbohydrates. 
Insuf f ic ient use of prote in . 
Bread Is spread with 
marmelade or chocolate. 
The patient cannot answer 
th i s question. 
Twice a day. Lunch at 1 
o'clock p.m. and dinner at 6 
o'clock p.m. 
I f you need addit ional Information on the pat ient 's d ie t , TURN 
TO SECTION S. Then return to section B. 
Figure 8.11. Examination section with re fe r ra ls to a recogni-
t ion section and a supplemental data base section. 
After the completion of the defined data base and an eventual 
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supplemental examination, section F contains a list of 
recognized problems. The problem solver Is Instructed to study 
the list and t o delete mistakenly recorded problems, resulting 
In a list with Identified problems. 
A bridge segment, containing the names of the four urgency 
levels of the Ρ SM, follows the recognition section. The problem 
solver Is Instructed t o choose the c o r r e c t level of urgency. 
The developed response reveals the bridge-Instruct ion In which 
the problem solving process begins. Additional options In this 
bridge-segment may Include options t o solve problems of combi­
ned levels simultaneously In case very few problems are p r e ­
sent, but also to end the Ρ MP If no problems were recognized. 
8.4.2.2. The problem solving process In a Ρ MP. 
As Indicated In the previous paragraph the problem solving p r o ­
cess can be Init iated at either one of the urgency levels. 
After completing a level, feedback can be obtained concerning 
the conducted treatment In "feedback"-sectlons which faces 
students with the results of their proposed treatment. The 
responses may Introduce new problems caused by the performed 
treatment. If, f o r Instance, during level 2 t reatment the cusps 
of a tooth are weakened by a large amalgam restorat ion, this 
new problem should be added t o the problem list and receive 
f u r t h e r attention during level 3 t r e a t m e n t . 
The f i r s t Intermediate phase a problem solver may encounter at 
his/her problem solving route after a choice for an urgency le­
vel was made, Is a section In which the problems of the urgency 
level chosen are to be Identif ied. The options In this section 
contain all problems of the Indicated urgency level together 
with problems of other urgency levels and non-exlstlng 
problems. A second function of this section Is to attune the 
problem solver's formulation of the problem t o the format In 
the Ρ M P. Thus, a student's problem formulation "tooth 26 Is 
missing" may be changed t o "diastema 25-27". The responses 
contain statements like "problem present", "problem absent" and 
"this Is not a level 2 problem". 
The problem solving process is continued in a free-branching 
type section, describing the Intermediate phases as options. 
The options r e f e r to a section In which the activit ies, related 
t o the Intermediate phases are conducted. Figure 8.12. depicts 
such bridge-section. 
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SECTION E. 
You c o n t i n u e the problem s o l v i n g process by: (Choose only one 
o p t i o n unless I n s t r u c t e d otherwise) 
OPTIONS RESPONSES ( I n v i s i b l e ) 
1. C o n s t r u c t i n g a c a t e g o r i z e d 
problem 11st. 
2. Determining t h e t e n t a t i v e 
t r e a t m e n t sequence. 
3. Generat ing t r e a t m e n t 
a l t e r n a t i v e s . 
4 . Searching f o r new problems. 
5. Conducting t r e a t m e n t . 
6. D e f i n i n g the leve l g o a l s . 
7 . Determining t h e d e f i n i t i v e 
t r e a t m e n t sequence. 
8 . Choosing t r e a t m e n t a l t e r ­
n a t i v e . 
9. L i s t i n g new problems. 
10. Assess the t r e a t m e n t 
r e s u I t s . 
1 . TURN TO SECT I ON 1 . 
2. TURN TO SECTION F2. 
3. Develop o p t i o n 8. 
4 . Choose another o p t i o n . 
5. TURN TO SECTION F3. 
6 . TURN TO SECTION F4. 
7 . TURN TO SECTION F5. 
8. TURN TO SECTION F6. 
9 . Choose another o p t i o n . 
10. TURN TO SECTION F7. 
F i g u r e 8 . 1 2 . The p r o b l e m solv ing p r o c e s s In a b r i d g e - s e c t i o n . 
The " I n t e r m e d i a t e phase" s e c t i o n s ends with a b r i d g e segment In 
which t h e e n t i r e p r o b l e m so lv ing p r o c e s s , as I l l u s t r a t e d In F i ­
g u r e 8 . 1 2 . , Is l i s t e d . These b r i d g e - s e c t i o n s t o g e t h e r c o n t a i n a 
s t u d e n t ' s problem so lv ing r o u t e . 
S k i l l f u l problem s o l v e r s may wish t o a b b r e v i a t e t h e problem 
solv ing p r o c e s s by d e l e t i n g one o r more I n t e r m e d i a t e phases. 
The designer of t h e Ρ MP should d e t e r m i n e b e f o r e h a n d which 
I n t e r m e d i a t e phases a r e essent ia l t o accomplish a c o r r e c t 
problem s o l u t i o n and which a r e n o t . C o n s t r u c t i n g a c a t e g o r i z e d 
problem l ist , f o r I n s t a n c e , Is not an e f f e c t i v e I n t e r m e d i a t e 
phase If t h e PMP c o n t a i n s only 2 p r o b l e m s . In s c o r i n g such Ρ MP 
these p r e d e t e r m i n e d s e c t i o n s a r e e x c l u d e d . 
210 c h a p t e r 8 
The second I n te rmed ia te phase on an Ideal problem solving 
pathway Is t h e f o r m u l a t i o n of t h e level goa l (s ) . In an open 
sec t ion s tudents a re reques ted t o f o r m u l a t e t h e goal(s) f o r 
reso lv ing problems a t t h i s leve l In t h e i r own words. A similar 
open sect ion can be I n t r o d u c e d f o r c o n s t r u c t i n g t h e c a t e g o r i z e d 
problem l i s t . Both open sect ions con ta in a b r i d g e - s e c t i o n at 
t he bo t tom, l is t ing t h e I n t e rmed ia te phases of t he problem 
so lv ing p rocess . 
SECTION L. 
List the chosen treatment alternatives In the first column. 
Determine for each treatment alternative: 
a. the definitive treatment sequence (column 2) 
b. the estimated costs (column 3) 
c. the estimated treatment time In half-hour sessions (column 
4) 
PROBLEM SEQUENCE COSTS ß SESSIONS 
1 . MOD amalgam 14 3 f 70,00 
2 . Occlusal amalgam 16 5 f 40,00 
3. MOD amalgam 36 4 f 90,00 
4 . D ie ta ry advise 1 f 8,50 
5. Oral hygiene I n s t r u c t i o n 2 f 12,20 
6 . Endo 46, reaming 6 f 
7 . Endo 46, po in t s 7 f 150,00 
8 f 
9 f 
10 f 
Tota l f 370,70 
/2 
/2 
I f t he t rea tment costs exceed f 1.500,00, TURN TO SECTION X 
( t rea tment a l t e r n a t i v e s ) and t r y t o reduce the cos t s . 
Otherwise, TURN TO SECTION Z. 
F i g u r e 8 .13 . Example of a " d e f i n i t i v e t r e a t m e n t sequence" 
s e c t i o n . 
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Paragraph θ . 4 . 1 . described how the Intermediate phases "chosen 
alternatives" and "tentat ive treatment sequence" were Included 
In a Ρ MP. In determining the definit ive t reatment sequence a 
student should take t h r e e aspects Into consideration. 
First, the student Is expected t o Indicate which p r i o r i t y each 
problem must receive In the definit ive treatment sequence. 
Second, s/he should estimate the t reatment cost, and t h i r d , 
s/he must estimate the amount of required treatment time. An 
estimate of the cost can be obtained using fee-l ists, supplied 
to the student together with the Ρ M P. 
Figure 8.13. depicts a section "deflnt lve t reatment sequence". 
Section Ζ In f igure 8.13. provides the problem solver the 
opportunity t o select a following treatment level or t o end the 
PMP If all problems received attent ion. If a student chooses t o 
end the PMP s/he can obtain feedback concerning the ent i re PMP 
and the Ideal problem solving r o u t e . Other feedback possi­
bilities are provided by the feedback model (Figure 3.1.) . 
Feedback Instructions can Instruct the problem solver t o go 
back one or more steps In the problem solving process, as 
i l lustrated at the bottom of Figure 8.13. 
8.5. Discussion 
Dental Ρ M Ps proceed from PMPswhtch wer e developed and util ized 
successfully In medical education. This chapter described an 
e f f o r t to construct Ρ MPs for application In dental education. 
Since medical Ρ MPs were subject of long-term Investigations 
they reached a high degree of perfect ion In testing and lear­
ning problem solving skills (McGuIre, 1976). Therefore, It was 
determined t h a t dental Ρ MPs should be founded upon medical 
PMPs. Medical PMPswere adjusted out of two angles of Incidence 
I.e. the specific nature of dental problems and the function of 
the PS M In dental problem solving. 
Whether other parameters, Influencing the composition of dental 
PMPs, are Involved remains uncerta in. An experiment In which 
PMPs are Introduced In dental education should c lar i fy this 
Issue. In such experiment emphasis should be placed upon the 
validity of PMPs In measuring problem solving skills as some 
authors dispute this Important factor In the evaluation of 
learning skills (paragraph 7.8.) . 
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This chapter deals with the constituent parts of a Ρ MP. Their 
coherence Is marked In Figure 8.14. This f igure depicts the 
described sections In a PMP and Il lustrates the Interactions 
among these sections. The coherence within a PMP as displayed 
In this f igure permits using It as a construction scheme In 
designing PMPs. Since dental Ρ M Ρ s prove t o be more complicated 
than medical PMPs, additional aids for constructing them need 
attention. The construction scheme can play a major role In 
reviewing the coherence within a PMP. 
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F i g u r e 8 . 1 4 . G l o b a l s t r u c t u r e o f a d e n t a l P M P . 
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CHAPTER 9. ASSESSMENT OF DENTAL PROBLEM SOLVING 
S K I L L S . 
E.H.A.M. Verdonschot 
G.J.J.M. Straetmans 
9 . 1 . Introduction 
In chapter θ emphasis was placed upon the construction of 
patient management problems. Ρ MPs may serve as a device t o 
measure abilities In resolving management problems (McGuIre et 
al., 1976). I t was delineated In chapter θ that a problem 
solving pathway through a Ρ MP can be t r a c e d and evaluated. The 
evaluation of a PMP suggests an assessment of problem solving 
skills by which the PMP was resolved. The extent t o which a 
relat ion between the evaluation of the PMP and the assessment 
of problem solving skills exists depends on the rel iabi l i ty of 
the measuring Instrument (see paragraph 5.6.4.2.). When an 
Instrument Is capable of measuring performances consistently, 
the Issue of validity can be evaluated. A PMP can be considered 
a valid measuring Instrument If I t measures exactly what It Is 
purported to measure. Several studies concerning .the validity 
of medical Ρ M Ps have been r e p o r t e d . Studies by Goran et al. 
(1973) and Newble et a l . (1982) dispute the existence of 
validity, while Marshall (1977), Donnelly and Gallagher (1979) 
and Page and Fielding (1980) find evidence for val idity. 
The basic question underlying the Issue of validity of dental 
PMPscanbe denoted by: "Do dental PMPs measure clinical dental 
competency?" This chapter describes a study In which dental 
PMPs, designed according to the directives as described in 
chapter 8, were subject of Investigation. In view of this 
study, e f f o r t s were made to provide the PMPs to be employed 
with appropriate content and to design a method for 
character iz ing PMPs concerning the i r d i f f icu l ty . Pr ior t o the 
presentation of the results of this study, these preparations 
will be reported on. 
This chapter's study was conducted In an educational setting 
among t h i r d - , f o u r t h - and f i f t h - y e a r student dentists. Their 
experiences In solving PMPs will be recorded In view of 
McGuIre's (1976) studies claiming t h a t students enjoy working 
with them. 
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9.2. Problem formulation 
The main object ive of this chapter Is the question of the value 
t o be assigned t o the solutions of Ρ MPs. What does It Imply If 
a student receives a high grade for a Ρ MP? Does such grade 
express the abilities and skills of a student In solving 
clinical problems? Does I t Indicate clinical competency? These 
questions relate t o the validity of Ρ MPs. An overall problem 
formulation for this chapter can t h e r e f o r e be: "How valid Is a 
Ρ Μ Ρ ? " 
The term "val idi ty" Is used generally for several types of 
val idity. In Investigating the validity of medical PMPs, Page 
and Fielding (1980) distinguish between content validity, 
construct validity and c r i t e r i o n val idity. Since these three 
types of validity determine the specific problem formulation, 
they will be elaborated upon. 
a. Content val idity. 
Drenth (1972) defines content validity as an estimate of the 
extent t o which a test (In this case a Ρ MP) represents a 
class of situations, content knowledge or skills. This d e f i ­
nition suggests t h a t skills and knowledge, applied In mana­
ging clinical patient problems should be contained In a PMP. 
To gain adequate content validity, a PMP which Is Intended 
t o represent specific clinical skills and which Is employed 
In dental education should be based on the educational 
objectives comprising these skills. The selected objectives 
can be utilized t o generate clinical problems which are 
subsequently Inserted into the PMP. This procedure causes 
the PMP to be a representation of a class of objectives 
concerning clinical skills and knowledge. 
The PMPs constructed for the purpose of this study will 
proceed from this procedure. The explicit ly defined role of 
content validity In the construction of PMPs diminishes the 
usefulness of evaluating this type of validity throughout 
the study. Therefore, the PMPs In this study are considered 
t o contain suff icient content val id i ty. 
b. Construct val id i ty. 
The construct type of validity addresses the question 
whether PMPs actually measure what they are purported t o 
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measure. Ρ MPs p u r p o r t to measure those problem solving 
skills which student dentists require In solving clinical 
management problems. In determining a PMP's construct 
validity the chief obstacle proceeds from the choice of 
those terms, methods, character ist ics, etc. , which Indicate 
problem solving skills. Since the solution of dental 
problems requires a complex of cognitive, affective and 
perceptual-motor skills, i t becomes d i f f i c u l t to select 
aspects or propert ies Indicative t o problem solving. 
Probably most Indicative Is the quality of a resolved PMP 
since qualitatively good clinical problem solving skills 
would procure an adequate problem solution. 
This hypothesis can be substantiated by assuming that f i f t h -
year students have more clinical problem solving skills than 
their f o u r t h - and t h i r d - y e a r colleagues. An evaluation of 
the relat ive problem solving abilities among student 
dentists can be gained from a comparison of the quality of 
the PMP solutions between the groups of students. A PMP In 
this concept Is considered to have suff ic ient construct 
validity If capable of discriminating among t h i r d - , f o u r t h -
and f i f t h - y e a r students. 
c. Cr i ter ion val idity. 
Cr i ter ion validity Is concerned with the relat ive value of a 
test compared to another test which measures the same skills 
and which Is denoted a c r i t e r i o n . A PMP's c r i t e r i o n validity 
can be determined by comparing a student's performance on a 
PMP with any other performance which Is related t o solving 
clinical management problems. If data on this c r i t e r i o n are 
available at the moment the performance t o be predicted Is 
perceived, c r i t e r i o n validity Is equivalent to concurrent 
val idity. 
In the study to be described the c r i t e r i o n validity of Ρ MPs 
Is expressed as corre lat ion coeff icients between the 
performance on the c r i t e r i o n and the performance o n t h e P M P . 
Analogous to the experiment conducted In chapter 5 the Ρ M Ps 
will be compared with Paper Patient Problems (PPPs). Such 
comparison faci l i tates the interpretat ion of the results as 
the features and character ist ics of PPPs are known (chapter 
1 and chapter 5 ) . 
I t should be emphasized t h a t all Issues concerning the 
validity of PMPs can be t ransfered to PPPs unconditionally 
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since both are Instruments for measuring problem solving 
skills. 
In view of the two types of validity to be demonstrated, the 
specific problem formulations are as follows: 
1. Given two PMPs at d i f ferent levels of d i f f icul ty, what Is 
the ef fect of the sequences in which PMPs with Increasing 
and decreasing di f f icul ty are solved by student dentists on 
the quality of the solution of the PMPs? 
2. Given two PPPs at d i f ferent levels of d i f f icul ty, what Is 
the ef fect of the sequences In which PPPs with Increasing 
and decreasing dif f iculty are solved by student dentists on 
the quality of the solution of the PPPs? 
3. Is the distinction Introduced between di f f icul ty- levels of 
PMPs and PPPs valid? 
4. Given a PMP and a PPP at the same level of d i f f icul ty, does 
the quantity of the solutions di f fer among student dentists 
of the t h i r d , four th and f i f th study-year? 
5. Given a PMP and a PPP at the same level of di f f icul ty, can 
differences be observed between the quality of the solutions 
of the PMP and the PPP? 
6. What Is the relationship between the quality of students' 
performance on a PMP and the performance on cognitive 
modules? 
7. What Is the relationship between the quality of students' 
performance on a PPP and the performance on cognitive 
modules? 
In addition, students' attitudes toward the management 
problems were evaluated by: 
8. What are the student dentists' att i tudes toward resolving 
PMPs and PPPs? 
Problem formulations 1 and 2 re late to the sequence In which 
PMPs and PPPs with various levels of dif f iculty are presented 
to students. This may reveal Information concerning the shor t -
term learning e f fec t which may arise when two problems are 
solved consecutively. This e f fec t may be I l lustrated by the 
situation In which someone resolves a PMP consecutive to 
another PMP. The f i r s t PMP will cause Initial di f f icult ies 
since the concept Is not yet known to a student. These Initial 
diff icult ies will not be present during the solution of the 
second PMP. Therefore, the problem formulations 1 and 2 aim at 
revealing learning ef fects. 
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The t h i r d problem formulation questions the validity of the 
diff iculty-levels t o be chosen (paragraph 9.3.) . 
Through the fourth problem formulation the construct validity 
of PMPs and PPPs will be Investigated. 
Scores on PMPs and PPPs of similar di f f icul ty can be used t o 
establish the effectiveness of the measuring Instruments, which 
Is the goal of problem formulation f ive. The results may 
Indicate the usefulness and effectiveness of c u r r e n t types of 
simulation. 
The cr i ter ion validity of PMPs and PPPs Is Investigated through 
problem formulations six and seven. Finally, problem formula­
tion eight Is concerned with the students opinions on, and 
experiences with resolving management problems. Their findings 
will be used to Improve f u t u r e PMPs. 
Several problem formulations proceed from explicit ly defined 
diff iculty-levels of PMPs and PPPs. Therefore, a convenient 
character izat ion of PMPs and PPPs concerning their d i f f icul ty 
must be developed. 
9.3. The characterization of dental management problems 
Parameters causing a specific problem to be d i f f icu l t are 
related t o the following three aspects of problem solving 
behaviour (De Jong and Ferguson, 19Θ2). 
a. The data base of knowledge to which the problem solver has 
access. 
Without knowledge It Is Impossible t o solve problems. Know­
ledge concerning the content of a problem faci l i tates undei— 
standing and visualizing the problem. This especially r e f e r s 
t o the declarative knowledge, which encompasses knowledge of 
facts and principles within a subject, In this case facts 
and principles In dent istry. However, declarative knowledge 
only will not establish a problem solution. Procedural 
knowledge Is required to process facts and principles. In 
addition, selective knowledge enables a problem solver t o 
select those facts and principles which are relevant to the 
problem. Finally, knowledge of strategies with which a step­
wise and logical problem solving process Is conducted, 
establishes a solution. A lack of one or more constituent 
types of knowledge Inhibits the problem solving process 
causing the problem to be d i f f i c u l t . 
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b. The character ist ics of the problem solver. 
Limitations within a problem solver might prevent a problem 
•from being solved. The manner In which a person handles 
cognition or , In other words, the "cognit ive style" Is a 
predominant character ist ic of every problem solver. Accoi— 
ding to Guilford (1 967) differences among persons concerning 
cognitive style are caused by "cognit ive dispositions". This 
expression suggests the Influence of hereditary factors 
which determine e .g . whether a problem solver tends to 
approach a problem by using the words In a problem formu-
lation as a start ing point (verbal style) rather than 
visualizing a problem (physical style). Personal charac-
ter ist ics there fo re Influence the problem solving process. 
c. The character ist ics of the problem. 
Factors that lie within a problem may contr ibute to the 
dif f iculty of a problem. If, for Instance, a problem Is 
open-ended and should be resolved through application of 
heuristic procedures, a student will not succeed In 
resolving this problem by applying algorithms and looking 
for one specific solution. Another feature of a dental 
problem Is Its complexity (paragraph 2 .3 . ) . 
Bearing the th ree aforementioned parameters In mind, the 
definition of a PMPs and PPPs di f f icu l ty- level can be based on: 
- the number and nature of educational objectives on which a 
PMP or PPP is built and the knowledge, covered by these 
objectives. This Is the knowledge-component of a di f f iculty 
level. The dif f iculty of a PMP or PPP Is assumed to Increase 
with an Increasing number of underlying objectives. 
- The average amount of knowledge available within the groups 
of testées, students, e tc . and the characterist ics of the 
subjects within this group. The students' formal position in 
the curriculum program will be used to address these 
features. 
- The number of sub-problems (problems within a management 
problem) related to the objectives and to be solved within 
the management problem. As a character ist ic of a management 
problem the number of sub-problems Increases a problem's 
complexity and there fo re Its d i f f icu l ty . 
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Table 9 . 1 . C h a r a c t e r i z a t i o n of Two D i f f i c u l t y - l e v e l s . 
D i f f i c u l t y level 1 2 
Number of o b j e c t i v e s 3-7 Θ-12 
Nature of o b j e c t i v e s c o g n i t i v e c o g n i t i v e 
second-year t h i r d - y e a r 
Number of sub-problems 11-15 16-20 
This c h a p t e r ' s study r e q u i r e s two d i f f i c u l t y - l e v e l s . In Table 
9.1 . both levels a r e d e f i n e d by assigning values t o t h e number 
of e d u c a t i o n a l o b j e c t i v e s , t h e n a t u r e of t h e o b j e c t i v e s and t h e 
number of s u b - p r o b l e m s within a management p r o b l e m . 
9 . 4 . M a t e r i a l s and methods 
9 . 4 . 1 . M a t e r i a l s . 
The study t o be d e s c r i b e d was c o n d u c t e d with a g r o u p of 236 
s t u d e n t dent is ts a t t h e U n i v e r s i t y of N i j m e g e n . The raw data 
were o b t a i n e d by a compulsory t e s t a t t h e beginn ing of s t u d y -
y e a r 1 9 8 3 / 1 9 8 4 . The s u b j e c t s In t h i s study were t h i r d - , f o u r t h -
and f i f t h - y e a r s t u d e n t s . A number o f 222 s u b j e c t s c o m p l e t e d t h e 
t e s t . I l lness and e>ctraneous c l e r k s h i p s were t h e main reasons 
why f o u r t e e n s t u d e n t s did n o t a t t e n d t h e t e s t . 
Based on t h e f i n d i n g s In c h a p t e r 8, a p r o g r a m m e d I n s t r u c t i o n 
f o r c o n s t r u c t i n g PMPs was composed ( V e r d o n s c h o t , 1 9 8 3 ) . This 
p r o g r a m m e d I n s t r u c t i o n was u t i l i z e d t o c o n s t r u c t two PMPs at 
two d i f f e r e n t d i f f i c u l t y - l e v e l s . F o r ease In l a t e r I n t e r p r e ­
t a t i o n t h e y will be d e n o t e d as PMP1 f o r t h e PMP at level 1 and 
PMP2 f o r t h e Ρ Μ Ρ a t level 2 . PMP1 p r o c e e d e d f r o m s e c o n d - y e a r 
c o g n i t i v e o b j e c t i v e s and c o n t a i n e d f o u r t e e n s u b - p r o b l e m s while 
PMP2 c o n t a i n e d n i n e t e e n s u b - p r o b l e m s and was d e r i v e d f r o m 
t h i r d - y e a r o b j e c t i v e s . 
The PMPs were p r i n t e d by using t h e l a t e n t - I m a g e p r i n t i n g 
t e c h n i q u e ( p a r a g r a p h 8 . 2 . 2 . ) . 
O r i g i n a t i n g f r o m Ρ M Ps t h u s e s t a b l i s h e d , two Ρ PPs were composed. 
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One PPP, denoted as PPP1, focused on the same objectives as 
Ρ M P I . A second PPP, denoted as PPP2, was of equal content as 
PMP2. Because some subjects would solve both management 
problems at the same level, the similarity was concealed by 
changing the names of the sub-problems Involved, whenever 
possible. All PMPs and PPPs were constructed by one person to 
secure the Internal s t r u c t u r e of the problems. 
9.4.2. Methods. 
During f ive sessions of t h r e e hours all students completed two 
management problems consecutively. A Ρ MP was considered t o be 
resolved whenever a student decided so. The PPPs were resolved 
by constructing treatment plans on charts which students use In 
regular clinical education. Students were notified of the study 
In which they part icipated and were to ld t h a t the results of 
the test, although compulsory, would not be taken Into 
consideration when decisions concerning their study-progress 
were made. 
At the beginning of each session the concept of a Ρ MP was 
Introduced. To emphasize the simulation of clinical competence, 
the students were Instructed t o resolve the management problems 
as c o r r e c t and as fast as possible. Furthermore, students were 
supposed to be dentists In a general pract ice. 
To Investigate the problem formulations, the subjects within 
each study-year were randomly assigned t o six groups, depending 
on the combination of problems which a subject would solve. 
Table 9.2. Indicates which combinations of problems were 
resolved by the six groups. Each group within a study-year 
consisted of eleven to th i r teen students, depending on the 
tota l number of students within a study-year. 
Table 9.2. Combinations of PMPs and PPPs Within Each 
Study-year. 
GROUP 1 2 3 4 5 6 
First problem PMP1 PMP2 PMP1 PMP2 PPP1 PPP2 
Second problem PMP2 PMP1 PPP1 PPP2 PPP2 PPP1 
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The raw data of t h i s s tudy were o b t a i n e d f r o m t h e b o o k l e t s In 
which t h e Ρ MPs were solved and t h e t r e a t m e n t plans, c o n t a i n i n g 
t h e so lut ions of t h e PPPs. F i g u r e 9 . 1 . d e p i c t s t h e c o n t e n t of 
t h e raw d a t a . Within t h e s e data t h e v a r i o u s p a r t s of t h e 
problem solv ing p r o c e s s and t h e I n t e r m e d i a t e phases can be 
d i s t i n g u i s h e d . In t h i s f i g u r e t h e size of t h e b a r s Is 
I n d i c a t i v e f o r t h e r e l a t i v e amount of I n f o r m a t i o n ava i lab le f o r 
each p a r t of t h e management p r o b l e m . 
2¿j INTERMEDIATE PHASES ¡ ^ PROBLEM SOLVING PATHWAY 
F igure 9 . 1 . Su rvey of t h e components of t h e raw da ta . 
Al l f o u r management prob lems resu l ted In data on t h e 
In te rmed ia te phases. Besides, t h e Ρ MPs p r o d u c e d I n f o r m a t i o n on 
data c o l l e c t i o n , t h e problem solv ing pathway and t h e suppl ied 
f e e d b a c k . 
9 . 4 . 2 . 1 . The g r a d i n g system f o r PMPs an PPPs 
In assigning g r a d e s t o t h e PMPs and PPPs t h e f e e d b a c k p a r t of 
t h e PMPs was c o n s i d e r e d t o belong t o t h e problem solv ing 
pathway. Thus, each PMP p r o d u c e d t h r e e components f o r a f i n a l 
g r a d e while a PPP p r o d u c e d one c o m p o n e n t . The one c o m p o n e n t 
which all management problems had In common consists of some 
I n t e r m e d i a t e phases In t h e problem solv ing p r o c e s s . The 
fo l lowing I n t e r m e d i a t e phases a p p e a r e d In al l PMPs and PPPs: 
- The problem Identif ication/formulation 
- the chosen solutions to the Identified problems 
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- the definit ive treatment sequence, comprising: 
* a sequential order of chosen t reatment alternatives 
* an estimate of the cost for the treatment planned 
* an estimate of the t reatment time required. 
Because a grade on these Intermediate phases can be re fe r red to 
as a "product evaluation", the grade assigned can be denoted as 
a "product grade" . In addition, a "process grade" Is based on 
the evaluation of data collection and the problem solving 
pathway. Since the final grade for a PMP consists of a product 
and a process segment, this grade will be designated an 
"overal l grade". 
To determine the weights to be attached to each constituent 
par t of a PMP and PPP for the purpose of final grading, 
seventeen dentists, faculty of the department of Operative 
Dentistry, were asked for thei r Judgment. They expressed their 
weights for seven components of the final grade In percentages. 
Table 9.3. Il lustrates means, standard deviations and the 
assigned weights for each of the product and process parts. 
Table 9.3. Weights In Percentages, Attached to Components of a 
Final Grade for Management Problems. 
COMPONENT mean s.d. WEIGHT(?) 
PRODUCT - problem Identification 
- acceptablllty of chosen 
solutions 
- sequencing treatment 
- estimate of treatment cost 
- estimate of treatment time 
PROCESS - data collection 
- problem solving pathway 
14.1 4.8 14 
15.9 
11.3 
8.2 
6.3 
20.9 
23.5 
4.8 
5.5 
4.0 
3.0 
5.9 
6.5 
16 
11 
8 
6 
21 
24 
Except for the estimations of treatment cost, time and sequence 
the standard deviations Indicate a major agreement among 
facul ty . Therefore, the weights were based on the means. The 
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final grade for a PPP consists of the f i r s t five components In 
Table 9.3. with a total of f i f t y - f i v e percent, In which the 
problem Identif ication accounts f o r 14/55 part of the final 
grade, the acceptabil ity for 16/55 of the final grade, etc. In 
addition, the final grade for a PMP Is composed of seven 
components with a total of a hundred percent weight. The final 
grade for a PPP can be computed by dividing the tota l of scores 
for all product evaluations by 5.5 and a final grade for a PMP 
can be computed by dividing the t o t a l by ten, In both cases 
resulting In a grade on a ten-point scale. This procedure 
faci l i tates computing grades for PMPs and PPPs which are 
mutually comparable. If, for Instance, a specific statistical 
analysis would require the product evaluation of a PPP to be 
compared with the product evaluation of a PMP, the grades f o r 
the PMPs can easily be adjusted by omitting the two dissimilar 
parts and division by 5.5 Instead of 10.0. 
For each part of the final grade the computation of Its score 
will be described. The grades for the parts will be denoted as 
part ial grades. 
a. Problem Ident i f icat ion. 
I t was determined t h a t the quality of the problem 
Identif ication should depend on the number 'of Identified 
sub-problems within the PMP and PPP. The part ial grade for 
problem Identif ication Is represented by: 
number of I d e n t i f i e d problems χ weight 
tota l number of problems 
b. Acceptability of chosen t reatment alternatives. 
To achieve a part ial grade of the acceptability of the 
chosen alternatives, all chosen alternatives for each sub-
problem were assessed on a t h r e e - p o i n t scale with " 2 " for 
very acceptable, " 1 " f o r Just acceptable and " 0 " for 
Inacceptable. Thus, a maximum of two times the tota l number 
of present sub-problems and a minimum of zero limited the 
assessment of the acceptabil ity of the solutions chosen. The 
formula, used t o calculate the grade for this part Is: 
number of credi t-points for acceptabi l i ty χ weight 
2 χ number of I d e n t i f i e d problems 
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c. Treatment sequence. 
The place In the treatment sequence which the solution for a 
part icular problem should occupy, was determined for each 
problem In a Ρ MP and PPP, resulting In a number of p r i o r i t y 
statements. A penalty of 2 points was assigned t o a 
treatment al ternat ive which occupied a place In the 
treatment sequence where It severely In ter fered with proper 
treatment. If mild Interference occured, a penalty of 1 
point was assigned. In case a treatment alternative was 
Indi f ferent to the treatment sequence, no penalty was 
assigned. Subsequently, 2 and 1 credit-points were assigned 
whenever the place of a treatment alternative In the 
sequence was c o r r e c t or adequate. 
The part ial grade for t reatment sequence Is represented by: 
number of c r e d i t - p o i n t s χ weight 
maximum number of credi t-points 
d. Est imate o f t h e t r e a t m e n t c o s t . 
To gain an Ins ight In to what d e n t i s t s cons ider an a c c e p t a b l e 
est imat ion of t r e a t m e n t cost , seventeen members of f a c u l t y 
were asked f o r t h e i r o p i n i o n . Table 9 . 4 . I n d i c a t e s t h e i r 
a v e r a g e d j u d g m e n t . 
The f i g u r e s In t h i s t a b l e e x p r e s s t h e dev iat ion f r o m t h e 
r e a l t r e a t m e n t c o s t which was Judged t o r e c e i v e t h e lowest 
s u f f i c i e n t g r a d e . On t h e t e n - p o i n t scale a d e v i a t i o n of plus 
or minus t w e n t y p e r c e n t would r e s u l t In g r a d e s ix. O t h e r 
d e v i a t i o n s were l i n e a r t r a n s p o s e d t o a t e n - p o i n t scale 
t h r o u g h t h e f o r m u l a : 
(100 - d e v i a t i o n χ 2) χ we I g h t 
10 
In t h i s f o r m u l a t h e d e v i a t i o n Is e x p r e s s e d as a p e r c e n t a g e . 
Table 9 . 4 . A c c e p t a b i l i t y of Est imat ions f o r T r e a t m e n t Cost and 
T r e a t m e n t Time In P e r c e n t a g e s . 
ESTIMATE OF COST (%) ESTIMATE OF TIME (?) 
MAXIMUM SURPLUS 20 30 
MAXIMUM SHORTAGE 20 25 
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Estimate of the treatment time. 
The part ial grade for the estimated t reatment time was 
computed similar to the previously described procedure. As 
Table 9.4. Indicates, the faculty Judged a surplus of t h i r t y 
percent and a shortage of twenty-f ive percent t o be within 
the limits of acceptabi l i ty. Therefore, two formulas t o 
calculate the part ia l grade were designed: 
Surplus of t reatment time: 
(100 - percentage χ 1.33) χ weight 
10 
Shortage of treatment time: 
(100 - percentage χ 1.60) χ we I g ht 
10 
Data col lect ion. 
To evaluate the problem solver's activit ies In collecting 
data, a system of c r e d i t - and penalty points was Introduced. 
Useful options were assigned a score of +1 whereas harmful 
options were assigned a score of - 1 . Neutral options 
received neither c r e d i t - nor penalty-points. In determining 
the part ia l grade for data collection, the following 
parameters play a part : 
- the maximum number of useful options In the PMP (A) 
- the number of useful options developed (B) 
- the maximum number of harmful options In the PMP (C) 
- the number of harmful options developed (D) 
I t was decided t h a t a useful option which was not developed 
should be assigned a score of - 1 . The number of omitted 
useful options (E) can be obtained through: E = A - B. In 
addition, the computation for the part ial grade for data 
collection was governed by the two extremes In which a 
student would develop all options and no options, both 
resulting In a part ial grade equal t o zero-
The number of penalty-points due t o Incomplete observation 
(F) can be expressed by: 
F = Ε χ (С + j(A - С) 
А 
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The number of penalty-points due t o developing harmful 
options (G) can be obtained through: 
G = D χ (C + |(A - C) 
С 
Finally, the tota l number of penalty-points was subtracted 
from the tota l number of harmful and useful options and was 
related t o the weight for data collection by the formula: 
(A + C) - (F + G) χ weight 
A + С 
g. Problem solving pathway. 
The evaluation of the problem solving pathway was based on 
the number of Intermediate phases which students encountered 
on their problem solving pathway and which were found In the 
c o r r e c t sequence as prescribed b y t h e P S M . Each Intermediate 
phase In the c o r r e c t sequence was rewarded with one c r e d i t -
point. Whenever a student violated the Instructions and 
developed more options than allowed, penalty-points were 
assigned. Thus, the part ial grade for the problem solving 
pathway was prompted by three parameters: 
- the maximum number of credit-points (H) 
- the number of acquired credit-points (K) 
- the number of penalty-points (L) 
The following equation was util ized In calculating the 
part ial grade for the problem solving pathways: 
К - L χ we Ight 
H 
The final grades for the PPPs and PMPs were calculated as 
described In the Initial section of this paragraph. 
9.4.2.2. Statistical procedures 
The problem formulations as outlined In paragraph 9.2. will be 
Investigated by analysing the obtained data and by testing the 
effects using a five percent level of significance. Pr ior to 
testing, the power of the test (see paragraph 5.3.) was 
ver i f ied, assuming an a r b i t r a r i l y chosen t h i r t y percent e f f e c t -
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size. 
Problem formulations 1 and 2, concerned with an eventual e f fec t 
of the order In which a problem was presented to students, were 
tested by means of Student's t - t es t . Since a sequence ef fect 
would Influence the choice for the statist ical methods In the 
analysis of the other problem formulations, this sequence-
ef fect was Investigated f i r s t . 
A multivariate analysis of variance with repeated measurements 
was conducted to validate the di f f icul ty- levels applied 
(problem formulation 3). The choice for a repeated measurement 
design proceeds from the Inclusion of groups 1, 2, 5 and 6 
(Table 9 .2 . ) . Within these groups the test method remained 
constant, but each student resolved two problems at unequal 
dif f iculty levels. 
Similar analyses were applied to Investigate problem formu-
lation 4. 
An additional multivariate analysis of variance with repeated 
measurements was conducted to study problem formulation 5 
within groups 3 and 4. Besides, the data In groups 1, 2, 5 and 
6, were analysed through a regular two-way analysis of 
variance, for the subjects In these groups were arranged In 
such manner tha t no two measurements of one and the same 
student were Included. 
To Investigate problem formulations 6 and 7 concerning the 
cr i ter ion validity, no adequate c r i te r ia which could represent 
dental problem solving skills appeared to be available. 
Instead, a number of grades which students received for 
completed cognitive modules was selected. In selecting modules 
for this purpose the following c r i te r ia were applied: 
- the final grade of a module should be based on an explicit ly 
described procedure for final grading; 
- the test by which a final grade for a module was obtained 
should be rel iable; 
- the module's final grading and test method must be kept 
unchanged during the previous three study-years. 
The application of these c r i te r ia resulted In an Inclusion of 
ten out of t h i r t y - t h r e e modules. Table 9.5. Indicates the 
nature of the selected modules and the study-years In which the 
modules were completed. 
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Tab le 9 .5 . L i s t of Modules Inc luded In t h e Assessment of 
C r i t e r i o n V a l i d i t y . 
MODULE CONTENT STUDY-YEAR 
3 4 5 
100 
103 
106 
108 
203 
206 
300 
306 
312 
403 
Organs and organ systems 
Oral t i s s u e s and s t r u c t u r e s 
Per iodont ium 
S c i e n t i f i c educat ion 
Head and neck 
Per 1odont1 urn 
Organs and organ systems 
Per iodont ium 
Res to ra t i on and ma te r i a l s 
O r o - f a c i a l s t r u c t u r e s and 
t raumatol og le 
81-
81· 
81· 
81· 
82-
82-
-82 
-82 
-82 
-82 
-83 
-83 
80-81 
80-81 
80-81 
80-81 
81-82 
81-82 
82-83 
82-83 
82-83 
79-80 
79-80 
79-80 
79-80 
80-81 
80-81 
81-82 
81-82 
81-82 
82-83 
In ca l cu la t i ng Pearson c o r r e l a t i o n c o e f f i c i e n t s between t h e 
grades f o r PPPs and PMPs and t h e grades f o r t h e modules 
se lec ted , t h e l a t t e r grades se rved as p r e d i c t o r s while t h e 
f o r m e r grades were cons idered t o be dependent . For reasons of 
s t a n d a r d i z a t i o n only those grades were Inc luded which s tudents 
r e c e i v e d at t h e i r f i r s t a t t emp t t o pass t h e modular examina-
t i o n . T h e r e f o r e , r ec i d i v i s t s were exc luded In ca l cu la t i ng t h e 
c o r r e l a t i o n c o e f f i c i e n t s -
Students ' a p p r e c i a t i o n f o r t h e va r i ous management problems was 
assessed by comput ing t h e means f o r all scores on the ques t i on -
na i res which they f i l l e d ou t a f t e r t h e complet ion of each 
management p r o b l e m . The ques t ionna i re Is con ta ined In t h i s 
chap te r ' s Appendix 1 . D i f f e r e n c e s between groups were tes ted 
using S tudent ' s t - t e s t . 
9 .5 . Results 
For each problem f o r m u l a t i o n t h e resu l t s of t h e p e r f o r m e d t es t s 
will be p r e s e n t e d . 
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9 . 5 . 1 . What Is the e f f e c t of the sequences In which PMPs and 
PPPs with Increasing and decreasing d i f f icul ty were 
solved on the quality of the solution? (problem 
formulation 1 ) 
This problem formulation was approached by selecting those 
cases within a study-у аг In which a specific management 
problem was completed at f i r s t (Table 9.2.) . The grades for 
these problems were compared with the grades for the same 
management problems which were completed at second. Table 9.6. 
presents the results of this comparison f o r PMP1 and PMP2. 
Table 9.6. Means and t-values To Demonstrate an Eventual 
Sequence-Effect for PMPs. 
STUDY-
YEAR GRADE 
PMP1 
mean 
(1st) 
PMP1 
mean 
(2nd) 
t-
value 
PMP2 
mean 
(1st) 
PMP2 
mean 
(2nd) 
t-
value 
3 PRODUCT 6.27 6.17 0.25 4.73 5.97 - 2 . 3 6 * 
OVERALL 5.83 5.70 0.35 4.78 5.93 - 2 . 9 1 * 
4 PRODUCT 5.93 6.79 -1.26 6.84 7.05 -0.34 
OVERALL 5.96 6.28 -0.59 6.29 6.42 - 0 . 2 8 
5 PRODUCT 6.05 6.04 0.01 6.54 6.08 0.76 
OVERALL 5.93 5.76 0.30 5.97 5.62 0.74 
* p<.05 p o w e r = 1 2 - 1 4 ? 
To examine t h e e f f e c t of t h e Inclusion of t h e p a r t i a l g r a d e s 
f o r data c o l l e c t i o n and problem solv ing pathways, t h e means f o r 
t h e p r o d u c t g r a d e s and combined p r o d u c t g r a d e s / p r o c e s s g r a d e s 
( o v e r a l l g r a d e s ) a r e d i s p l a y e d . The means a r e c losely a r r a n g e d 
a r o u n d t h e c a e s u r a ( 6 . 0 0 ) . A n e g a t i v e t - v a l u e I n d i c a t e s t h a t 
t h e f i r s t measurement Is lower t h a n t h e second measurement. In 
six cases t h e mean g r a d e s f o r t h e PMPs which were solved at 
f i r s t a r e h i g h e r t h a n t h e PMPs c o m p l e t e d at s e c o n d . An equal 
number of Ρ M Ps, c o m p l e t e d a t second, a r e h i g h e r t h a n t h e g r a d e s 
f o r PMPs solved a t f i r s t . 
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Within the group of t h i r d - y e a r s tuden ts a s ta t i s t i ca l l y s i g -
n i f i c a n t d i f f e r e n c e between t h e f i r s t and second p e r f o r m a n c e on 
PMP2, being t h e most d i f f i c u l t PMP, was demons t ra ted . The 
remain ing t - v a l u e s appeared t o be no t s i g n i f i c a n t . 
Tab le 9 . 7 . displays t h e means and t - v a l u e s f o r all PPPs which 
were reso lved at f i r s t and those which were reso l ved a t second. 
As th i s t ab l e Ind icates, none of t h e d i f f e r e n c e s were 
s t a t i s t i ca l l y s i g n i f i c a n t a l though f i v e o u t of six mean grades 
f o r PPPs which were reso lved a t second, appeared t o be l a r g e r . 
I t can be conc luded t h a t , with t h e excep t i on of t h e t h i r d - y e a r 
s tudents who reso l ved PMP2, no s e q u e n c e - e f f e c t can be 
demons t ra ted . Thus, In Inves t iga t ing t h e remain ing problem 
fo rmu la t i ons , no d i s t i nc t i on will be made conce rn ing t h e 
sequence In which they were r e s o l v e d . 
Table 9 . 7 . Means and t - v a l u e s To Demons t ra te an Eventua l 
S e q u e n c e - E f f e c t f o r PPPs. 
PPP1 PPP1 PPP2 PPP2 
STUDY- mean mean t - mean mean t -
YEAR GRADE (1s t ) (2nd) value (1s t ) (2nd) value 
3 PRODUCT 5.55 5.59 -0 .22 4.83 5.00 -0 .95 
4 PRODUCT 6.28 5.94 1.19 5.74 6.34 -1 .78 
5 PRODUCT 5.83 6.07 -0 .77 5.43 5.B8 -1.25 
power=1 2-14% 
9 . 5 . 2 . Is t h e I n t r o d u c e d d is t inc t ion between d i f f i c u l t y - l e v e l s 
of PMPs and PPPs val id? (prob lem fo rmu la t i on 3) 
The va l i da t ion of t h e d i f f i c u l t y - l e v e l appl ied was conduc ted 
t h r o u g h a ser ies of m u l t i v a r i a t e analyses of va r i ance with 
r e p e a t e d measurements. The sample t o be examined conta ined 
those s u b j e c t s who reso lved both PMPs and those who reso lved 
both PPPs. Table 9 . 8 . dep ic ts t h e resu l t s of such analysis with 
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s t u d y - y e a r s as I n d e p e n d e n t v a r i a b l e and t h e p r o d u c t g r a d e s f o r 
PMP1 and PMP2 as d e p e n d e n t v a r i a b l e s . 
Table 9 . 8 . M u l t i v a r i a t e Analysis of V a r i a n c e With S t u d y - y e a r s 
as Ι η d e p e n d e n t V a r i a b l e and t h e P r o d u c t Grades f o r 
PMP1 and PMP2 as D e p e n d e n t V a r i a b l e s . 
SOURCE OF VARIATION SS df MS 
Between s u b j e c t s 
W i t h i n eel Is 
Years 
W i t h i n s u b j e c t s 
W i t h i n c e l l s 
Methods 
I n t e r a c t l o n 
Years and Methods 
160.96 
19.99 
143.74 
0.00 
7.56 
61 
2 
61 
1 
2 
2.64 
10.00 
2.36 
0.00 
3.78 
3.79* 
0.00 
1.60 
p<.05 p o w e r = 8 6 í 
Table 9 . 8 . Ind ica tes a s i g n i f i c a n t d i f f e r e n c e between s t u d y -
yea rs ( F = 3 . 7 9 ) , whereas no e f f e c t was obse rved between t h e 
grades f o r PMP1 and PMP2 (F = 0 . 0 0 ) . 
The resu l t s of a s imi lar analysis of v a r i a n c e a r e displayed In 
Table 9 . 9 . However, In t h i s analysis t h e o v e r a l l grades f o r 
PMP1 and PMP2 were def ined as t h e dependent va r i ab l es . 
Compared with t h e p rev ious analysis t h e be tween -yea rs e f f e c t 
remained s i g n i f i c a n t (F = 3.87) whereas t h e between-methods 
e f f e c t Inc reased ( F = 0 . 1 5 ) . However, t h e l a t t e r e f f e c t was not 
s t a t i s t i ca l l y s i g n i f i c a n t . 
Tables 9 . 8 . and 9 . 9 . I nd i ca te t h a t t h e I n t r o d u c e d d is t inc t ion 
between d i f f i c u l t y - l e v e l s does not r e s u l t In d i f f e r e n t grades 
f o r PMPs which a r e founded upon these leve ls . 
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Table 9 . 9 . M u l t i v a r i a t e Analysis of V a r i a n c e With S t u d y - y e a r s 
as I n d e p e n d e n t V a r i a b l e and t h e O v e r a l l Grades f o r 
PMP1 and PMP2 as D e p e n d e n t V a r i a b l e s . 
SOURCE OF VARIATION SS df MS 
Between s u b j e c t s 
W i t h i n eel Is 
Years 
105.46 
13.38 
61 
2 
1.73 
6.69 3.87* 
W i t h i n s u b j e c t s 
W i t h i n c e l l s 96.58 61 1.58 
Methods 0.23 1 0.23 0.15 
I n t e r a c t l o n 
Years and Methods 1.66 2 0.83 0.52 
p<.05 p o w e r = 8 6 ? 
Table 9 . 1 0 . c o n t a i n s t h e r e s u l t s of a m u l t i v a r i a t e analysis of 
v a r i a n c e with r e p e a t e d measurements on PPP1 and P P P 2 . 
Table 9 . 1 0 . M u l t i v a r i a t e Analysis of V a r i a n c e With S t u d y - y e a r s 
as I η d e p e n d e n t V a r i a b l e and t h e P r o d u c t Grades f o r 
PPP1 and PPP2 as D e p e n d e n t V a r i a b l e s . 
SOURCE OF VARIATION SS df MS F 
¡1 
16 .61* 
14.43* 
1.68 
p<.05 p o w e r = 8 8 í 
Between sub jec ts 
Wi th in eel Is 
Years 
Wi th in sub jec ts 
Wi th in c e l l s 
Methods 
1n te rac t lon 
Years and Methods 
32.94 
17.10 
30.86 
6.96 
1.62 
64 
2 
64 
1 
2 
0.51 
8.55 
0.48 
6.96 
0.81 
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The analysis r e v e a l s a s i g n i f i c a n t d i f f e r e n c e between s t u d y -
y e a r s (F = l 6.61 ) and a s i g n i f i c a n t d i f f e r e n c e between t h e g r a d e s 
f o r PPP1 and PPP2 (F = 1 4 . 4 3 ) . The l a t t e r e f f e c t c o n f i r m s t h e 
p r e s e n c e of t h e two I n t r o d u c e d d i f f i c u l t y - l e v e l s In t h e PPPs. 
9 . 5 . 3 . Given a PMP and a PPP a t t h e same level of d i f f i c u l t y , 
does t h e q u a l i t y of t h e so lut ions d i f f e r among s t u d e n t s 
of t h e t h i r d - , f o u r t h - and f i f t h s t u d y - y e a r ? ( p r o b l e m 
f o r m u l a t i o n 4) 
Does t h e t e s t - m e t h o d (PMP o r PPP) I n f l u e n c e t h e s o l u t i o n 
of t h e p r o b l e m , given a PMP and PPP of equal d i f f i c u l t y ? 
( p r o b l e m f o r m u l a t i o n 5) 
The f i r s t problem f o r m u l a t i o n Is addressed t o t h e c o n s t r u c t 
v a l i d i t y of Ρ MPs and PPPs. The second f o r m u l a t i o n alms a t 
r e v e a l i n g d i f f e r e n c e s between t e s t - m e t h o d s . 
To examine t h e e f f e c t s , two analyses of v a r i a n c e were c o n d u c ­
t e d . The f i r s t one t o be d e s c r i b e d Is a m u l t i v a r i a t e analysis 
of v a r i a n c e with r e p e a t e d measurements among t h e s t u d e n t s In 
groups 3 and 4 ( T a b l e 9 . 2 . ) . The s t u d e n t s I n v o l v e d r e s o l v e d a 
PMP and a PPP a t t h e same level of d i f f i c u l t y c o n s e c u t i v e l y . 
Table 9 . 1 1 . M u l t i v a r i a t e Analysis of V a r i a n c e With t h e S t u d y -
y e a r s as I n d e p e n d e n t V a r i a b l e and t h e P r o d u c t 
G r a d e s f o r PMP1 a n d P P P I as D e p e n d e n t V a r l a b l e s . 
SOURCE OF VARIATION SS df MS F 
Between s u b j e c t s 
74.57 34 2.19 
1 .00 
0.03 
2.94 
Within cells 
Years (3, 4, 5) 
Within subjects 
Within eel Is 
Methods (PMP1/PPP1) 
Interaction 
Years and Methods 
4.37 
34.19 
0.03 
5.91 
2 
34 
1 
2 
.
2.18 
1.01 
0.03 
2.95 
power=61? 
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Table 9 . 1 1 . shows t h e r e s u l t s of t h i s analys is. The s u b j e c t s 
a r e t h e t h i r d - , f o u r t h - and f i f t h - y e a r s t u d e n t s , t h e s t u d y - y e a r 
Is t h e I n d e p e n d e n t v a r i a b l e whereas t h e p r o d u c t g r a d e s f o r Ρ M PI 
and PPP1 a r e d e p e n d e n t v a r i a b l e s . 
The t a b l e I n d i c a t e s t h a t no s i g n i f i c a n t d i f f e r e n c e could be 
o b s e r v e d between s t u d y - y e a r s (F = 1.00) . In a d d i t i o n , no 
s i g n i f i c a n t d i f f e r e n c e between t h e p r o d u c t g r a d e s f o r PMP1 and 
PPP1 c o u l d be d e m o n s t r a t e d (F = 0 . 0 3 ) . An almost s i g n i f i c a n t 
I n t e r a c t i o n - e f f e c t between t h e s t u d y - y e a r s and t h e methods 
(F = 2.95;p=.07) I n d i c a t e d t h a t t h e e f f e c t of t h e method appl ied 
v a r t e d among t h e s t u d y - y e a r s . 
A simi lar m u l t i v a r i a t e analysis of v a r i a n c e Is c o n t a i n e d In 
Table 9 . 1 2 . In t h i s analysis s t u d y - y e a r was also t h e I n d e p e n ­
dent v a r i a b l e and t h e p r o d u c t g r a d e s f o r PMP2 and PPP2 wer e t h e 
d e p e n d e n t v a r i a b l e s . 
Table 9 . 1 2 . M u l t i v a r i a t e Analysis of V a r i a n c e with t h e S t u d y -
y e a r s as I n d e p e n d e n t V a r i a b l e and t h e P r o d u c t 
Grades f o r P M P 2 a n d P P P 2 a s D e p e n d e n t V a r i a b l e s . 
SOURCE OF VARIATION SS df MS 
Between s u b j e c t s 
W i t h i n eel Is 
Years ( 3 , 4 , 5) 
W i t h i n s u b j e c t s 
W i t h i n eel Is 
Methods (PMP2/PPP2) 
I n t e r a c t l o n 
Years and Methods 
72.40 
41.69 
43.59 
0.82 
2.35 
31 
2 
31 
1 
2 
2.34 
20.84 
1.41 
0.82 
1.17 
8.93* 
0.59 
0.83 
* p<.05 p o w e r = 5 8 ? 
C o n t r a r y t o t h e p r e v i o u s l y d e s c r i b e d analysis, t h i s t a b l e 
d e m o n s t r a t e s a s t a t i s t i c a l l y s i g n i f i c a n t d i f f e r e n c e between 
s t u d y - y e a r s (F = 8 . 9 3 ) . However, between t h e methods appl ied no 
s i g n i f i c a n t d i f f e r e n c e was o b s e r v e d (F = 0 . 5 9 ) . 
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The choice for a repeated measurement design was prescribed by 
the groups selected. I.e. groups 3 and 4. A regular two-way 
analysis of variance was applied t o study differences between 
study-years and methods within groups 1, 2, 5 and 6. The 
analysis of variance displayed In Table 9.1 3. has two Indepen­
dent variables, study-years and methods, whereas the product 
grades for Ρ MPI and PPP1 serve as the dependent variable. 
The results show an almost signif icant difference between the 
study-years (F=2.82;p = .06) and a signif icant difference between 
the grades for PMP1 and the grades for PPP1 (F=4.66). 
Table 9.13. Two-way Analysis of Variance With Study-years and 
Methods as Independent Variables and the Product 
Grades f o r PMP1 andPPPI as Dependent Variable. 
SOURCE OF VARIATION SS df MS 
Years (3, 4, 5) 
Methods (PMP1/PPP1) 
Interaction 
Years and Methods 
Residual 
7.98 
6.59 
1.38 
181.21 
2 
1 
2 
128 
3.99 
6.59 
0.60 
1.42 
2.82 
4.66* 
0.49 
* p<.05 power=88-99? 
Table 9.14. presents a second two-way analysis of variance. In 
this analysis the product grades f o r PMP2 and PPP2 serve as 
dependent variables. 
This table Indicates that the F-values for the study-years 
ef fect (F = 13.88) and the methods-effect (F = 17.08) are stat is­
t ical ly significant. Indicating t h a t differences between study-
years and methods exist. 
Based on the previous four analyses I t can be concluded t h a t 
construct validity Is demonstrated If Investigated by a two-way 
analysis of variance. However, when a multivariate analysis of 
variance with repeated measurements Is applied this e f f e c t 
cannot be demonstrated. 
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Table 9 . 1 4 . Two-way Analys is of V a r i a n c e With S t u d y - y e a r s and 
Methods as Independen t Var iab les and t h e P r o d u c t 
Grades f o r PMP2 and PPP2 as Dependent V a r i a b l e . 
SOURCE OF VARIATION SS df MS F 
Years 41.65 2 20.83 13.88* 
Methods 25.64 1 25.64 17.08* 
I n t e r a c t l o n 
Years and Methods 1.33 2 0.67 0.44 
Residual 196.64 131 1.50 
* p<.05 p o w e r = 9 9 í 
9 . 5 . 4 . What Is t h e re l a t i onsh ip between t h e qual i ty of 
s tuden ts ' p e r f o r m a n c e on a Ρ MP and a PPP and t h e i r 
p e r f o r m a n c e In c o g n i t i v e modules? ( p r o b l e m f o r m u l a t i o n 6 
and 7) 
This problem f o r m u l a t i o n Is designed t o t e s t t h e c r i t e r i o n 
v a l i d i t y o f Ρ MPs and P P P s . The c r i t e r i a s e l e c t e d t o p r e d i c t t h e 
g r a d e s f o r t h e s o l u t i o n s of management problems were t e n g r a d e s 
f o r c o g n i t i v e modules ( T a b l e 9 . 5 . ) . F o u r modules w e r e completed 
d u r i n g t h e f i r s t s t u d y - y e a r , two d u r i n g t h e second, t h r e e 
d u r i n g t h e t h i r d and one d u r i n g t h e f o u r t h s t u d y - y e a r . The 
c a l c u l a t i o n of P e a r s o n c o r r e l a t i o n c o e f f i c i e n t s Is c o n d u c t e d 
per s t u d y - y e a r because no t h i r d - and f o u r t h y e a r grades w e r e 
ava i lab le of t h e t h i r d - y e a r s t u d e n t s and no f o u r t h - y e a r grades 
were a v a i l a b l e o f t h e f o u r t h - y e a r s t u d e n t s . 
Table 9 . 1 5 . t h r u Table 9 . 1 8 . c o n t a i n t h e c o r r e l a t i o n c o e f f i ­
c ients per s t u d y - y e a r and per management problem between t h e 
modular g r a d e s as p r e d i c t o r s of t h e p r o d u c t and o v e r a l l grades 
f o r PMPs and P P P s . 
Table 9.1 5. d e p i c t s t h e P e a r s o n c o r r e l a t i o n s between t h e grades 
of t h e c o g n i t i v e modules and t h e g r a d e s f o r P M P 1 . None of t h e 
c o r r e l a t i o n c o e f f i c i e n t s appear t o be s t a t i s t i c a l l y s i g n i ­
f i c a n t , d e n o t i n g t h e absence of c r i t e r i o n v a l i d i t y . 
chapter 9 239 
Table 9.15. Pearson Correlation Coefficients Between Grades on 
Cognitive Modules (Predictors) and Ρ MP1-grades 
(Dependent). 
MODULE Third-year Fourth-year Fifth-year 
product overall product overal l product overall 
100 
103 
106 
108 
203 
206 
300 
306 
312 
403 
-.02 
-.07 
-.28 
.05 
.01 
.22 
-.08 
-.13 
-.31 
.24 
-.20 
-.08 
-.14 
-.17 
-.08 
-.32 
-.03 
-.18 
.02 
.05 
-.08 
-.03 
-.19 
.05 
-.15 
.01 
-.18 
.05 
.20 
-.05 
-.08 
-.08 
.05 
-.24 
.02 
.18 
.16 
-.06 
.15 
.00 
-.11 
-.14 
-.02 
-.23 
-.10 
.05 
.06 
-.13 
.13 
.04 
Table 9.16. Indicates t h a t the grades which the f i f th-year 
students received for module 103 predicted the i r grades for 
PMP2 with corre lat ion coefficients of .49 and .45, Implying 
that twenty-f ive percent (r-squared; see paragraph 1.2.3.2.) of 
the variation within the grades for the management problems can 
be explained by the variance within the grades for module 1 03. 
A similar relationship exists between the grades which the 
fourth-year students received for module 106 and the i r overall 
grades for PMP2. Module 312 has a negative correlat ion with the 
four th-year process grades for PMP2. This means t h a t students 
with high grades for module 312 tended t o score low grades f o r 
PMP2 and reverslvely. Other correlat ion coeff icients are either 
positive and low or negative and low and are not statistically 
signif icant. 
With the exception of two modules, the grades for cognitive 
modules are not related to the grades which students received 
on PMP2. Thus, In addition t o PMP1, no c r i t e r i o n validity can 
be demonstrated f o r PMP2. 
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Table 9 . 1 6 . P e a r s o n C o r r e l a t i o n C o e f f i c i e n t s Between Grades on 
C o g n i t i v e Modules ( P r e d i c t o r s ) and P M P 2 - g r a d e s 
( D e p e n d e n t ) . 
MODULE 
100 
103 
106 
108 
203 
206 
300 
306 
312 
403 
T h i r d -
product 
.22 
.14 
.06 
.15 
.12 
.10 
-year 
overa 11 
.09 
.20 
- . 0 1 
.12 
.03 
.12 
Fourth-
product 
- . 1 5 
.14 
.30 
.07 
- . 0 4 
- . 2 6 
- . 0 4 
- . 1 6 
- . 3 0 
-year 
overa l I 
- . 1 4 
.14 
. 4 8 * 
.01 
- . 1 0 
- . 2 6 
.01 
- . 0 8 
- . 4 0 * 
F i f t h -
product 
.10 
. 4 9 * 
.19 
.12 
.26 
.38 
.20 
.13 
.09 
.26 
year 
overa I I 
.08 
.45* 
.14 
.13 
.15 
.36 
.06 
.01 
- . 0 8 
.16 
* p < . 0 5 p o w e r = 6 5 - 7 8 $ 
Table 9 . 1 7 . P e a r s o n C o r r e l a t i o n C o e f f i c i e n t s Between Grades on 
C o g n i t i v e Modules ( P r e d i c t o r s ) and P r o d u c t Grades 
f o r PPP1 ( D e p e n d e n t ) . 
MODULE 
100 
103 
106 
108 
203 
206 
300 
306 
312 
403 
T h i r d - y e a r 
product 
.14 
.08 
- . 1 0 
- . 1 3 
- . 0 1 
.05 
Fourth-year 
product 
- . 1 5 
- . 3 4 
.09 
- . 0 2 
.11 
- . 1 4 
- . 1 6 
- . 0 8 
- . 1 8 
F i f t h - y e a r 
product 
.12 
.07 
.12 
.12 
.30 
. 4 6 * 
.21 
- . 0 7 
.08 
.37 
*ρ<·05 p o w e r = 6 5 - 7 8 $ 
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In Table 9.17. one significant correlat ion coeff icient can be 
noted. A coeff ic ient of .46 established the relat ion between 
the grades for module 206 and the product grades f o r PPP1. 
Many of the corre lat ion coefficients In Table 9.1 Θ. appeared t o 
be negative, denoting that a mild t o moderate reversed relat ion 
exists between students' performance on cognitive modules and 
the grades for PPP1. Thus, for both PPP1 and PPP2 no c r i t e r i o n 
validity can be demonstrated using the cognitive modules as 
predictors. 
Table 9.18. Pearson Correlation Coefficients Between Grades on 
Cognitive Modules (Predictors) and Product Grades 
for PPP2 (Dependent). 
MODULE 
100 
103 
106 
108 
203 
206 
300 
306 
312 
403 
Third-year 
product 
-.21 
-.10 
-.23 
-.15 
-.14 
-.18 
Fourth-year 
product 
-.08 
.03 
.06 
.12 
.11 
-.17 
.12 
.03 
.08 
Fifth-year 
product 
-.04 
.01 
-.35 
-.19 
-.07 
.00 
-.09 
-.05 
.08 
.10 
9.5.5. What are the student dentists* attitudes toward r e ­
solving PMPs and PPPs? (problem formulation 8) 
The results of the questionnaire enable a comparison between 
the four management problems which were applied. Table 9.19. 
depicts the mean scores for question 1 t h r u 9 on the 
questionnaire, contained In Appendix 1. 
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Table 9 . 1 9 . Mean s c o r e s of all Respondents t o Questions 
C o n c e r n i n g S t u d e n t ' s A t t i t u d e s T o w a r d PMPs and 
PPPs. 
QUESTION KEYWORD PMP1 PMP2 PPP1 PPP2 
1 
2 
3 
4 
5 
6 
7 
θ 
9 
motivation 
acquire know 
ρ leasure 
difficulty 
Insight 
Involvement 
structure 
ledge 
test knowledge 
slmu1 at Ion 
2.24 
1.84 
2.18 
2.16 
2.17 
2.40 
2.63 
2.29 
2.11 
2.26 
1.91 
2.24 
2.00 
2.43 
2.22 
2.39 
2.27 
2.29 
2.40 
1.81 
2.61 
2.91 
3.32 
2.55 
3.09 
2.73 
2.96 
2.56 
2.02 
2.55 
2.50 
2.99 
2.54 
2.96 
2.85 
2.84 
The means displayed In Table 9.19. globally range from 2.00 to 
3.00 with a few values exceeding this range. Almost all of the 
means for both PPPs are higher If compared to the means for 
both PMPs. 
Question one dealt with the motivating aspects of the various 
management problems. Students thought PPPs to be more 
motivating. However, none of the problems appeared to be 
Instructive as the means for question two Indicate. In 
addition, students experienced resolving PPPs as being more 
pleasant than resolving PMPs, although neither reached a level 
of acceptable pleasure (question t h r e e ) . According to the 
students PMPs were more d i f f icu l t than PPPs (question four) 
with PMP2 being the most d i f f i c u l t problem t o solve and PPP1 
being the easiest. The averaged opinion concerning question 
f ive Indicates that the students had a clear Insight Into the 
s t r u c t u r e of the PPPs whereas both PMPs provided students less 
overview. Question six Inquires f o r students' Involvement In 
solving the various management problems. The average for this 
question Indicates a moderate Involvement. 
The means for both PPPs on question seven reached an acceptable 
level, Implying t h a t students p r e f e r r e d the manner In which 
PPPs were resolved. They thought t h a t resolving PPPs was more 
structured than resolving PMPs. 
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The r e s p o n d e n t s f o u n d r e a s o n t o b e l i e v e t h a t PPPs a r e a more 
e f f e c t i v e t o o l t o e v a l u a t e knowledge c o n c e r n i n g dental problem 
so lv ing (quest ion e i g h t ) and t h a t a PPP's problem solv ing 
p r o c e s s b e t t e r simulates c o n s t r u c t i n g a t r e a t m e n t plan In 
r e a l i t y (quest ion n i n e ) . 
D i f f e r e n c e s In mean s c o r e s between t e s t - m e t h o d , d i f f i c u l t y 
level and s t u d y - y e a r will be t e s t e d f o r e v e r y quest ion using 
S t u d e n t ' s t - t e s t . A l t h o u g h t h e data o b t a i n e d f r o m t h e 
q u e s t i o n n a i r e a r e at an o r d i n a l l e v e l , t h i s t e s t f a c i l i t a t e s 
t h e I n t e r p r e t a t i o n of t h e responses. 
Table 9 . 2 0 . displays t h e r e s u l t s of t h e t - t e s t s f o r t h e Items 
on t h e q u e s t i o n n a i r e . The f i r s t column c o n t a i n s t h e t - t e s t s 
between t h e s t u d e n t s who completed PPP1 and Ρ M P I . In t h e second 
column PPP2 Is c o m p a r e d with PMP2, e t c . 
Table 9 . 2 0 . S t u d e n t ' s t - t e s t s f o r T e s t i n g D i f f e r e n c e s Between 
S t u d e n t Dent is ts ' A t t i t u d e s C o n c e r n i n g Test 
Methods. 
t - v a l u e t - v a l u e t - v a l u e t - v a l u e 
0UES- KEYWORDS PPP1 PPP2 PMP1 PPP1 
TION PMP1 df PMP2 d f PMP2 df PPP2 d f 
1 
2 
3 
4 
5 
6 
7 
θ 
9 
motivation 
ac. knowledge 
pieasure 
difficulty 
Insight 
Involvement 
structure 
test know 1 edge 
slmu1 atIon 
1.21 
-0.21 
3.34* 
5.85* 
4.78* 
1.04 
3.72* 
3.29* 
6.15* 
182 
180 
182 
175 
181 
179 
178 
178 
178 
1.93 
0.96 
2.32* 
3.81* 
4.18* 
2.25* 
4.34* 
4.50* 
3.64* 
178 
179 
177 
176 
177 
175 
172 
174 
173 
-0.13 
-0.63 
-0.41 
1.20 
1.56 
1.27 
1.61 
0.09 
-1.21 
174 
175 
174 
167 
172 
169 
169 
169 
167 
-0.84 
-1.95 
0.48 
3.69* 
2.81* 
0.03 
1.25 
-0.98 
0.85 
186 
184 
185 
184 
186 
185 
181 
183 
182 
* p<.05 power=76-81% 
The signs of the t-values Indicate t h a t nearly all of the means 
f o r the PPPs are higher than those for the equivalent PMPs. 
Except for questions one, two and six, the differences between 
PPPs and PMPs are statistically signif icant (columns 1 and 2). 
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This means t h a t a c c o r d i n g t o s t u d e n t s , PPPs a r e more p l e a s a n t 
and easier t o r e s o l v e , t h e y p r o v i d e a c l e a r e r Ins ight In to t h e 
management p r o b l e m , t h e y a r e more s t r u c t u r e d , t h e y can be 
b e t t e r employed t o t e s t knowledge and p r o v i d e a b e t t e r 
s imulat ion of r e a l i t y . 
A compar i s o n among t h e s c o r e s within t h e t e s t - m e t h o d (columns 3 
and 4) r e v e a l s only two s i g n i f i c a n t t - v a l u e s . Students f o u n d 
PPP1 eas ier t o r e s o l v e t h a n PPP2 and b e l i e v e d t h a t PPP1 
p r o v i d e d a c l e a r e r Ins ight In to t h e management p r o b l e m . None o f 
t h e t - v a l u e s f o r PMP1 as c o m p a r e d with PMP2 a p p e a r t o be 
s i g n i f i c a n t . 
In g e n e r a l , Table 9 . 2 0 . I n d i c a t e s t h a t s t u d e n t s have a 
p r e f e r e n c e f o r PPPs, b u t within t h e t e s t - m e t h o d s t h e i r 
a t t i t u d e s do n o t d i v e r g e much. 
Table 9 . 2 1 . shows f o r each quest ion t h e t - v a l u e s computed 
between t h e mean s c o r e s of t h e t h r e e s t u d y - y e a r s t o I n v e s t i g a t e 
d i f f e r e n c e s . In t h i s t a b l e no d i s t i n c t i o n was made between t h e 
t e s t - m e t h o d s . 
Table 9 . 2 1 . S t u d e n t ' s t - t e s t s f o r T e s t i n g D i f f e r e n c e s Between 
S t u d e n t Dent is ts ' A t t i t u d e s C o n c e r n i n g S t u d y -
y e a r s . 
t - v a l u e t - v a l u e t - v a l u e 
QUES- KEYWORDS STUDY-YEAR STUDY-YEAR STUDY-YEAR 
ΤI ON 3 - 4 df 4 - 5 df 3 - 5 df 
1 
2 
3 
4 
5 
6 
7 
8 
9 
motivation 
ac. knowledge 
pleasure 
difficulty 
Insight 
Involvement 
structure 
test knowledge 
slmulatlon 
2.88* 
1.15 
0.16 
-1.00 
-1.45 
-0.67 
-1.89 
2.92* 
2.20* 
242 
243 
243 
235 
242 
239 
237 
236 
235 
1.17 
2.03* 
0.97 
-0.42 
-0.45 
0.69 
1.63 
0.69 
0.88 
214 
212 
213 
208 
212 
207 
206 
207 
208 
4.19* 
3.64* 
1.19 
-1.42 
-1.83 
0.10 
0.06 
3.49* 
3.04* 
232 
231 
232 
227 
230 
230 
225 
229 
227 
* p<.05 power=99? 
Compared with the f o u r t h - and f i f t h - y e a r students, the t h i r d -
year students found the management problems to be more 
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motivating, to be better suitable to test knowledge and t o 
provide a more real ist ic simulation. Furthermore, the t h l r d -
and f o u r t h - y e a r students were more convinced t h a t they could 
acquire knowledge by resolving management problems than did the 
f i f t h - y e a r students. 
9.6. Discussion 
In evaluating problem solving skills In dental education a 
reliable and valid measuring Instrument Is Indispensable. The 
availability of such Instrument would allow a qualitative 
better Judgment on a student's clinical performance. F u r t h e r ­
more, the graduation of students, which often Is based on the 
t o t a l of departmental grades, could gain a new dimension. This 
dimension consists of testing Interdiscipl inary dental content 
by means of simulation. 
To serve this purpose Paper Patient Problems are widely 
ut i l ized. The study described Introduced a second measuring 
Instrument which originated from medical education. Because 
Patient Management Problems are expected t o enable faculty t o 
evaluate students' clinical examination and the problem solving 
pathway chosen, a Ρ MP can be a more appropriate measuring 
Instrument. 
This chapter's study Is basically concerned with the validity 
of management problems. Three types of validity were considered 
to be Important for this study: content validity, construct 
validity and c r i t e r i o n val idity. 
Before the various types of validity could be Investigated, I t 
was determined whether an eventual e f f e c t of the sequence In 
which the management problems were resolved, was present. Ta­
bles 9.6. and 9.7. Indicate t h a t such an e f f e c t does not exist. 
However, the discriminating power of the statistical test ap­
plied Is low, due to small sample sizes. A low power can Jeo­
pardize this Interpretat ion of test results (paragraph 5.3.) . 
Whether or not Ρ MPs and PPPs have suff ic ient content validity 
was not evaluated In this study. A common method t o ver i fy 
content validity consists of gathering expert-opinions on the 
PMPs and PPPs In question and on the way In which they re late 
to clinical pract ice. Since all management problems In this 
study were explicit ly based on educational objectives derived 
from study-guides and evaluated In the various modules, this 
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type of validity was not tested. Instead, the educational 
objectives were chosen as a parameter In defining the dif­
f icul ty of management problems. Other parameters constituted 
the origin of the objectives and the number of part ial problems 
within the management problem. 
Table 9.8. and 9.9. Indicate t h a t the defined diff iculty-levels 
did not result In a significant discrimination between the 
grades for PMP1 and PMP2. However, Table 9.10. provides 
evidence t h a t a difference between the grades for two 
consecutively resolved PPPs of unequal diff iculty Indeed 
exists. The ambiguous nature of these results leads to the 
assumption t h a t the test-method influences the quality of the 
solut ion. If the test-method Is a Ρ Μ Ρ, tts di f f icul ty seems of 
minor Importance. The reverse Is applicable to PPPs. Apparently 
the s t r u c t u r e of a Ρ MP affects the manner In which students 
usually resolve management problems. If so, PMPs may be very 
appropr iate In acquiring content knowledge. 
The reason for PMPs being a helpful device In resolving dental 
problems might be either "cueing" or "feedback". Cueing Is a 
phenomenon which occurs if a problem solver Is faced with a 
number of alternatives out of which s/he Is t o choose one or 
more. The cue with alternatives enables students to weight the 
alternatives against one another. Furthermore, students may 
consider an alternative which they would not have generated 
themselves. 
Feedback, available within a Ρ Μ Ρ, may be a second explanation 
for the absence of differences between two PMPs of unequal 
d i f f icu l ty . Feedback forces students t o perform activit ies 
which they would probably not have conducted If no feedback was 
provided. This leads to a better quality of a problem's 
solution. 
Evidence for construct validity was obtained by measuring 
differences between the grades of the t h i r d - , f o u r t h - and 
f i f t h - y e a r students. Tables 9.Θ., 9.9., 9.10, 9.12. and 9.14. 
Indicate a difference between study-years. Significant 
differences between study-years only, does not satisfy all 
conditions necessary t o assume the presence of construct 
val idity. To do so, the f o u r t h - y e a r students should produce 
qualitatively better problem solutions than the th i rd-year 
students. In addition, the quality of the f i f t h - y e a r treatment 
plans should be better than the quality of treatment plans 
constructed by t h i r d - and f o u r t h - y e a r students. The means for 
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produci- and overal l grades, displayed In Table 9.6. support 
this hypothesis in p a r t . Both the f i f t h - and four th-year 
student achieved mean grades for all PMPs and PPPs which 
exceeded the th i rd-year mean grades. However, contrary to the 
expectations, the f i f t h - y e a r means were generally lower than 
the fourth-year grades. This phenomenon can be observed for 
PMPs and PPPs. Three causes can be mentioned t o explain this 
phenomenon. First, the f i f t h - y e a r students might not (anymore) 
possess suff icient content knowledge concerning the educational 
objectives underlying the PMPs and PPPs. They did not master 
the specific knowledge required or they f o r g o t content in the 
course of the i r study. Second, the fourth-year students possess 
more skills and knowledge in resolving PMPs and PPPs than the 
f i f t h - y e a r students and, t h i r d , the f i f th-year students, In 
resolving management problems, became less motivated. This 
finding Is supported by Table 9 . 2 1 . which indicates that the 
fourth-year students were more motivated than the f i f t h - y e a r 
students. Nevertheless, the results Indicate that evidence for 
construct validity of PMPs and PPPs Is obtained. 
The t h i r d type of validity to be discussed is cr i ter ion va­
l idity. As Table 9.15. t h r u 9.1 Θ. indicate, c r i t e r i o n validity 
could not be demonstrated for PMPs and PPPs. The grades for 
cognitive modules might not be the best predictors of problem 
solving skills, but no other c r i t e r i a were available which 
could have more predictive value. Since only weak correlat ions 
between cognitive grades and problem solution grades were 
established. I t might be possible that resolving management 
problems requires other skills than the skills which are 
measured and subsequently recorded in the cognitive modules. 
Τ his hypothesis Is supported by De Jong and Ferguson ( 1 982) who 
assert that, besides declarative knowledge (paragraph 9.3.), 
knowledge of procedures, selection and strategy Is r e q u i r e d . 
Most of the objectives of the selected cognitive modules 
pertain to the category of declarative and, to some extent, 
procedural knowledge. From this point of view the grades for 
both management problems, resolved by students ought t o be 
better c o r r e l a t e d . Table 9.22. presents the corre lat ion 
coefficients for the grades which students received for their 
f i r s t and second management problem. 
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Table 9 . 2 2 . C o r r e l a t i o n C o e f f i c i e n t s Between Al l P r o d u c t Grades 
and O v e r a l l Grades f o r Ρ M Ps and P P P s . 
GRADES PMP1 PNP1 PNP2 PNP2 PPP1 PPP2 
p r o d u c t overa l I product overa l I product product 
PMP1-product 1.00 
PMP1-overal I 
PMP2-product 
РМР2-о г а I I 
PPP1-product 
PPP2-product 
.83 
1.00 
.09 
.13 
1.00 
.05 
.10 
.93 
1.00 
.40 
.33 
-
-
1.00 
_ 
-
.52 
.46 
.22 
1.00 
The hyphens In t h i s t a b l e I n d i c a t e t h a t f o r t h e s e combinat ions 
o f management problems w e r e n o t a v a i l a b l e . V e r y high c o i — 
r e l a t i o n c o e f f i c i e n t s can be noted between t h e p r o d u c t and 
o v e r a l l g r a d e s with in one and t h e same Ρ M P. These high values 
can be e x p l a i n e d by t h e l a r g e r e p r e s e n t a t i o n ( f i f t y - f i v e 
p e r c e n t ) of t h e p r o d u c t g r a d e In t h e o v e r a l l g r a d e . On t h e 
o t h e r hand, a f o u r t y - f l v e p e r c e n t r e p r e s e n t a t i o n of data 
c o l l e c t i o n and p r o b l e m solv ing pathway In t h e o v e r a l l g r a d e s 
a f f e c t s t h e c o r r e l a t i o n t o a minor e x t e n t . This suggests t h a t 
an o v e r a l l g r a d e can be t h o r o u g h l y p r e d i c t e d by t h e p r o d u c t 
g r a d e o r , In o t h e r words, t h a t a q u a l i t a t i v e l y good problem 
solv ing p r o c e s s p r o v o k e s q u a l i t a t i v e l y good I n t e r m e d i a t e phases 
and, t h e r e f o r e , good t r e a t m e n t plans. 
The g r a d e s f o r PMP1 a n d P M P 2 a p p e a r e d t o be weakly c o r r e l a t e d . 
The g r a d e s f o r PMP1 and P P P 1 , as well as t h e grades f o r PMP2 
and PPP2 a r e a t a leve l which was only o c c a s i o n a l l y a t t a i n e d 
when t h e g r a d e s f o r c o g n i t i v e modules were u t i l i z e d as 
p r e d i c t o r s . T h e c o r r e l a t i o n c o e f f i c i e n t s between t h e g r a d e s f o r 
PPP1 and PPP2 a r e l o w e r . 
I t can be c o n c l u d e d t h a t , a l t h o u g h no c r i t e r i o n v a l i d i t y c o u l d 
be d e m o n s t r a t e d , some I n d i c a t i o n s s u p p o r t t h e hypothesis t h a t 
so lv ing d e n t a l problems r e q u i r e s more t h a n d e c l a r a t i v e and 
p r o c e d u r a l knowledge o n l y . 
The absence of a c o r r e l a t i o n between Ρ M PI and PMP2 is not 
e v i d e n t a l t h o u g h t h e level of d i f f i c u l t y might be I n v o l v e d . 
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A comparison between the applied measuring Instruments yielded 
no significant differences between PMPs and PPPs of equal 
di f f icul ty whenever a repeated measurement design was chosen t o 
analyse the data (Table 9 . 1 1 . and Table 9.12.). Analysing the 
data of those groups of students which resolved two PMPs, two 
PPPs, and a Ρ MP and PPP at d i f f e r e n t dif f iculty- levels resulted 
In a significant difference between PMPs and PPPs (Table 9.13. 
and 9.14.). The power of the l a t t e r analyses rangea from 
eighty-eight percent t o ninety-nine percent whereas the power 
of the repeated measurements analyses ranged from f i f t y - e i g h t 
t o sixty-one percent, due t o a considerable smaller sample-
size. These percentages Indicate t h a t the analyses without 
repeated measurements are more confident. However, the results 
remain c o n t r a d i c t o r y . 
As Table 9.6. and Table 9.7. Indicate, the product grades for 
PMPs which were util ized In the previously mentioned analyses, 
are generally higher than the product grades for PPPs. The 
factors within a Ρ MP which may account for this difference 
consist of the cuelng-effect and the provision of feedback. 
These two factors Improve a problem solver's skills and 
knowledge during the measurements, resulting In higher grades. 
Based on this hypothesis, PMPs should be Investigated concei— 
nlng their characterist ics as a learning device. In addition, 
Table 9 . 2 1 . provides a support for this hypothesis as the 
t h i r d - and fourth-year students were more convinced t h a t one 
can acquire knowledge by resolving management problems than the 
f i f t h - y e a r students; the f i f t h - y e a r students were more familiar 
with the problems since they were founded upon second- and 
t h i r d - y e a r objectives. This results In a smaller opportunity to 
acquire knowledge. 
Contrary to the experiences by McGuIre (1976), the subjects In 
this study are less enthusiastic about PMPs. Compared with the 
PPPs, PMPs were found to be less motivating, more d i f f icu l t and 
less s t r u c t u r e d . 
Students'oplnlon t h a t the PMPs were less s t ructured than PPPs 
may proceed from a relat ive unacqualntedness with PMPs and the 
problem solving process applied In the Ρ M Ps. The PP Ps possessed 
the advantage of being familiar t o students. Besides, students 
were acquainted with constru~,if,^ t reatment plans and the same 
charts were util ized In the test as In clinical education. 
Nonetheless, the PMPs resulted In higher product grades despite 
students' preference for PPPsand their Judgment t h a t Ρ MPs were 
more d i f f i c u l t . Future e f f o r t s should Improve the Instructions 
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for students to resolve Ρ MPs and t o improve PMPsin such manner 
t h a t they appeal Increasingly to students. 
9.7. Conclusions and recommendations 
This study was basically concerned with the validity of Patient 
Management Problems and Paper Patient Problems. Management 
problems were assumed to possess content validity as they were 
based on educational objectives concerning clinical skills. 
- Some evidence for construct validity was demonstrated for 
Ρ MPs and PPPs. Ten grades for cognitive modules, selected as 
c r i t e r i a , could not predict students' performances In 
resolving management problems. Thus, c r i t e r i o n validity could 
not be demonstrated In this manner. 
- Resolving management problems seems to require specific 
skills, stressing the Importance of specific education In 
this subject matter. 
- The Introduced distinction between two diff iculty-levels 
proved t o be val id. Future management problems can be based 
on this procedure for defining their d i f f icu l ty . 
- A difference between the measuring Instruments applied was 
established. The PMPs produced higher product grades than t he 
equivalent PPPs. 
- Students did find some pleasure In resolving management 
problems, but they were not enthusiastic. 
- The results of this study encourage the Improvement of the 
s t r u c t u r e of dental PMPs In several aspects. In addition, 
students should receive Instruction In resolving PMPs because 
the lack of famil iarity with this Instrument can Influence 
their att i tude toward PMPs. 
Furthermore, the use of a PMP as a learning device should be 
Investigated. 
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APPENDIX 1 
Management problem number: 
Student number: 
ANSWER THE QUESTIONS BY MARKING THE GRADE OF YOUR CHOICE. 
1. To what extent was your motivation roused to resolve the 
PMP/PPP? 
little -1-:-2-:-3-:-4- much 
2. To what extent did you acquire knowledge by resolving this 
PMP/PPPÎ 
little -1-:-2-:-3-:-4- much 
3. To what extent did you find pleasure In resolving this 
PMP/PPP? 
little -1-:-2-:-3-:-4- much 
4. To what extent did you find the PMP/PPP easy to resolve? 
little -1-:-2-:-3-:-4- much 
5. To what extent did you gain a clear Insight Into the 
PMP/PPP? 
little -1-:-2-:-3-:-4- much 
6. To what extent were you Involved with the patient In the 
PMP/PPP? 
little -1-:-2-:-3-:-4- much 
7. To what extent was the solution of this PMP/PPP established 
In a structured manner? 
little -1-:-2-:-3-:-4- much 
8. To what extent does a PMP/PPP test knowledge In resolving 
dental problems? 
little -1-:-2-:-3-:-4- much 
9. To what extent was the problem solving process In the 
PMP/PPP a simulation of reality? 
little -1-:-2-:-3-:-4- much 
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SAMEN V ATTI N G 
Met de opzet van het nieuwe kurrlkulum aan de Subfaculteit 
Tandheelkunde van de Katholieke U nlversltelt te Nijmegen werd 
In het klinisch restauratief onderwijs aan het begrip "behande-
llngsplannlng" een duidelijke vorm gegeven. Met behulp van de 
Gemodificeerde Probleem Oplosslngs Cyclus werd studenten ge-
leerd om de tandheelkundige problemen van een pat iënt op te 
lossen. 
Hoofdstuk 1 van deze dissertatie beschri j f t het toen geïntrodu-
ceerde onderwijs In de behandellngsplannlng. In dit onderwijs 
worden de door studenten geconstrueerde behandelingsplannen 
door tandarts-docenten beoordeeld. Een studie naar het beoorde-
llngsgedrag van de docenten toont aan dat de Interbeoordelaars-
overeenkomst zeer gering Is. Op nagenoeg alle beoordellngsas-
pecten van een behandelingsplan blijken de docenten een signi-
f icant verschillend oordeel te geven. 
Nagegaan werd op welke wijze het eindcijfer van een behande-
lingsplan door een docent wordt bepaald. Hierbij kwam vast te 
staan dat de beoordellngsaspekten "mogelijke oplossingen", "ge -
kozen oplossingen" en "motivering van de gekozen oplossingen" 
In sterke mate bepalend zl|n voor dit eindcijfer. De aspekten 
"anamnese" en "klinisch onderzoek" hebben aanzienlijk minder 
invloed op het eindcijfer. Daarnaast blijken het kwal i tat ieve 
beoordellngskrlterium "korrektheld" en het kwant i tat ieve k r l te -
rlum "volledigheid" meer van Invloed te z|Jn op het eindcijfer 
dan andere In de studie onderzochte krt terta. 
De resultaten van het eerste hoofdstuk geven aan dat de beooi— 
deling van behandelingsplannen beter gestruktureerd dient te 
worden. 
Hoofdstuk 2 beschri j f t het formele verloop van het oplossen van 
problemen, kognltlef en In termen van handelingen. Het oplossen 
van een probleem bl i jkt afhankelijk van de aard en de Inhoud 
van het probleem. Een pat iënt die zich aanmeldt voor tand-
heelkundige behandeling kan worden gekarakteriseerd als een 
komplex probleem. Komplex, omdatblnnen het probleem meerdere 
sub-problemen aanwezig zijn. Komplexe tandheelkundige pro-
blemen blijken niet algoritmisch opgelost te kunnen worden. 
Daarvoor kunnen heuristische oplosmethoden toegepast worden 
sa men vatt ing 
omdat deze de kans op het vinden van goede oplossingen voor de 
sub-problemen vergroten. 
B(J de ontwikkeling van een heuristische oplosmethode voor 
tandheelkundige problemen werd het komplexe probleem (I.e. de 
patiënt) gesplitst In kleinere onderdelen waarin meer In-
zicht bestaat en/of die eenvoudiger op te lossen zi jn. Gekozen 
werd voor een splitsing van het komplexe probleem in vier fasen 
met als konsekwentle dat ook de planning van de behandeling in 
vier fasen verloopt. Deze fasen omvatten de oplossing van 
onmiddellijke problemen, mlcroblele problemen, funkt le-pro-
blemen en onderhoudsproblemen. De planning van de behandeling 
verloopt in elke fase via een aantal empirisch vastgestelde 
tussenfasen, welke verbonden worden door oploslnstruktles. Na 
afwikkeling van elke fase volgt een hernieuwde observatie welke 
gekenmerkt wordt door de specifieke problemen die In de erop 
volgende fase opgelost zullen worden. 
De verbanden tussen de observatie en de vier behandellngsfasen 
worden vastgelegd In het Probleem Oplosslngs Model (PO M). Even-
als het Gewenst Handellngs Verloop, dat door Mettes en Pilot 
(1980) werd beschreven bij het oplossen van thermo-dyna mica 
problemen, geeft het POM de juiste oplosroute aan. 
In hoofdstuk 3 wordt de keuze voor de leertheorie van Gal'perln 
gemaakt en beredeneerd. In deze leertheorie heeft het POM de 
funktie van oriënteringsbasis. Aan een oriënteringsbasis 
in deze theorie worden drie eisen gesteld. Ten eerste moet een 
oriënteringsbasis studenten In staat stellen om zich te 
oriënteren op het op te lossen probleem. Ten tweede kan het 
door de docent gebruikt worden als kapstok bij het beoordelen 
van de probleemoploscapacltelten van een student. Ten derde kan 
de oriënteringsbasis door zowel student als docent gebruikt 
worden voor het ontvangen respectievelijk geven van 
terugkoppeling. 
Vastgesteld werd dat het POM een goede doch onvolledige 
oriëntering biedt op de op te lossen sub-problemen. Het ont-
vangen en geven van terugkoppeling bl i jkt met behulp van het 
POM zeer goed mogelijk vooral doordat het PO M gebruikt kon wor-
den bij het opstellen van een systeem voor de beoordeling van 
behandelingsplannen. 
In hoofdstuk 4 wordt nagegaan op welke wijze patiëntgegevens 
kunnen worden vastgelegd vóó r , t|Jdens en na de be-
handeling. Aan de hand van de doelen, die gesteld werden aan 
schriftelijk- pat iënt informatie In een ziekenhuisomgeving, 
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werden een aantal r icht l i jnen opgesteld voor het ontwerpen van 
behandelingsplannlngsform ulieren voor gebruik In de tand-
heelkunde. Deze analyse resulteerde In zes formulieren. Op het 
form ulier " w aarneming" w orden de waargenomen f en o menen gere-
gistreerd. Vervolgens Is voor elk van de vier behandellngsfasen 
een probleemoplossingsformulier beschikbaar. Op deze formu-
lieren wordt het oplossingsproces vastgelegd. BIJ de uitvoering 
van het behandelingsplan worden de voltooide verrichtingen 
geregistreerd en geëvalueerd op het formulier "voortgang". 
In hoofdstuk 5 wordteen experiment beschreven waarin het POM 
en het problee moplosslngsform ulier van fase twee (mlcrobiële 
problemen) Inclusief het terugkoppellngs- en beoordellngssyteem 
als experimentele variabelen zijn Ingebouwd. Het experiment 
vond plaats ti jdens de tweedejaars module Klinische Tandheel-
kunde 1 In het studiejaar 1980-1981. In deze module werd aan de 
helft van de studenten een experimentele kursus behandellngs-
plannlng gepresenteerd. De overige studenten, de kontrole 
groep, werd op de tradit ionele wijze geleerd om een behande-
lingsplan op te stellen. Ter afsluiting van belde kursussen 
werd voor de twee groepen geli jkti jdig dezelfde toets 
afgenomen. Deze toets bestond uit het opstellen van een 
behandelingsplan aan de hand van verstrekte patiëntgegevens, 
het beantwoorden van vi j f t ien multiple choice vragen en het 
Invullen van een enquêteformulier. 
De resultaten van de analyses van de opgestelde behande-
lingsplannen laten geringe verschillen zien tussen de exper i -
mentele groep en de kontrole groep wat betref t de probleem-
Identlf lkatle en de Indeling van problemen In probleemvelden. 
Dit leidde evenwel niet t o t de konklusle dat een van beide 
groepen deze onderdelen kwal i tat ief beter beschreef. Ook ten 
opzichte van het expertoordeel van vier tandarts-docenten wi j -
ken de beide groepen weinig af. 
De analyse van de oplossingen, welke studenten kozen voor de 
w aargenomen problem en, laat zien dat een breed scala van oplos-
singen toepasbaar geacht wordt voor de meeste problemen. In het 
algemeen bleek de experimentele groep meer dan de kontrole 
groep te kiezen voor e e n oplossing per probleem. De 
kontrole studenten neigden ertoe om een aantal oplossingen te 
kiezen voor een groep van problemen, zoals bijvoorbeeld de 
groep van preventieve problemen. Aanzienlek meer kontrole 
studenten dan experimentele studenten vermeldden geen enkele 
gekozen oplossing voor geïdentificeerde problemen. Deze 
verschillen tussen de belde groepen worden toegeschreven aan 
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het gehanteerde behandellngsplannlngsform ulier In de 
experimentele groep. 
Ten slotte bl i jk t dat de tweedejaars studenten niet In staat 
zijn om oplossingen te genereren voor problemen die zij welis-
waar als zodanig herkennen maar waarmee zij niet vertrouwd 
zUn. 
B(J het bestuderen van de pr ior i te i t die door studenten werd 
toegekend aan het oplossen van de diverse geïdentificeerde pro-
blemen bleken de experimentele studenten, vergeleken met de 
kontrole studenten, een meer eenduidige prlorlteltenlndellng te 
genereren. Waar de experimentele studenten geneigd waren om 
binnen een behandellngssessle aan te geven In welke volgorde de 
deelproblemen moesten worden opgelost bleken de kontrole s tu-
denten per sessie vooral aan te geven welke problemen opgelost 
zullen worden zonder dat hiervoor binnen de sessie de pr ior i -
t e i t werd vermeld. 
Typische preventieve en parodontale problemen bleken de hoogste 
pr ior i tei t te krijgen van belde groepen. 
Weinig studenten bleken In staat om exact de benodigde t^d om 
de geplande verrichtingen u i t t e voeren te plannen. Ongeveer de 
helft van belde groepen studenten maakt b|J het ramen van de 
behandeltijd een onacceptabel grote fout. Daarb(j neigden de 
experimentele studenten ernaar om te weinig t ^ d t e schatten en 
de kontrole studenten teveel . 
Het experimentele plannlngsform ulier bleek In het gebruik goed 
te voldoen. De checklist voor rapportage van het oplossingspro-
ces werd In vri jwel alle plannen teruggevonden. Zelfbeoordellng 
werd slechts door eenderde van de experimentele studenten toe -
gepast, hetgeen er bij hen toe leidde dat zij een hoger c|jfer 
verwachtten voor hun plan dan de studenten, die zichzelf niet 
beoordeelden. 
De gebruikte multiple choice vragen bleken onvoldoende betrouw-
baar om kognltie bij studenten met betrekking t o t behandellngs-
plannlng te meten. De resultaten van de enquête geven aan dat 
studenten het onderwerp "behandellngsplannlng" belangrijk von-
den voor hun studie en hun latere prakti jkvoerlng. De exper i-
mentele studenten apprlclêerden hun kursus meer dan de kon-
trole studenten. Tevens gaven de experimentele studenten aan 
dat zij de door hen toegepaste methode van behandellngsplannlng 
(het POM) meer logisch en duidelijker vonden. 
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De elndkonklusle van hoofdstuk 5 Is dat de geteste onderdelen 
van het PO M toepasbaar z(Jn In het tandheelkundig onderwas op 
een nlvo dat minstens gelijkwaardig Is aan dat van de overeen-
komstige onderdelen van de reeds gedurende vele studiejaren 
verbeterde bestaande methode. 
Omdat het experiment In hoofdstuk 5 slechts onderdelen van het 
POM bevatte w erd het gehele model ter beoordeling van de kwa-
l i tei t voorgelegd aan vijf tandartsen, werkzaam aan tandheel-
kundige subfaculteiten In Nederland, en aan drie psychologen en 
onderwijskundigen, werkzaam In het medisch en tandheelkundig 
onderw Us. D e kom mentaren van deze personen w erden beschreven 
en als reaktle hierop werd, waar mogelijk en gewenst, het POM 
verbeterd. 
De algemene Indruk van deze personen was dat het model In het 
tandheelkundig onderwijs toepasbaar geacht wordt. Door de erva-
ring, opgebouwd tjjdens het uitoefenen van een tandheelkundige 
praktijk, achtten zij het echter minder geschikt als hulpmiddel 
bij de behandellngsplannlng door tandartsen. V oornaa mste reden 
hiervan Is dat ervaren tandartsen sneller denken dan het POM 
toestaat, waardoor z\¡ het model als een remmende faktor zullen 
ervaren. 
Bij het uitvoeren van het expert m ent In hoofdstuk 5 werd de ex-
perimentele kursus aangeboden met behulp van de didaktische 
werkvormen, die op dat moment voor de kontrole kursus In ge-
bruik waren. Hoofdstuk 7 beschrijft een aantal mogelijkheden 
ter verbetering van het leerproces van behandellngsplannlng. 
Mogelijke verbeteringen worden gezocht In een verdergaande 
optimalisering van het POM, een verbetering van het onderw Ijs-
leerproces en door middel van simulatie. Gekozen werd voor een 
verbetering van de Instruktle aan studenten met behulp van 
plaatsvervangend leren (vicarious learning) en door middel van 
stimulerende vragen. Ter oefening van het oplosproces, maar ook 
om kennis met betrekking t o t het oplossen van tandheelkundige 
problemen bij studenten te kunnen meten en beoordelen werd 
gekozen voor een si m ui atte methode genaa m d Patient M an a ge ment 
Problemen. 
In hoofdstuk 8 wordt de simulatie met Pattent Management 
Problemen (PMPs), zoals die worden toegepast In het geneeskun-
dig onderwijs, beschreven. Gebaseerd op de verschillen die be-
staan tussen geneeskundige problemen en tandheelkundige proble-
men enerzijds en anderzijds de karakteristieke eigenschappen 
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van het probleemoplossen In de tandheelkunde zoals gerepresen-
teerd In het PO M, werd het PMP geschikt gem aakt voor gebruik In 
het tandheelkundig onderwijs. 
Een tandheelkundig PMP voorziet een probleemoplosser (student) 
van een probleem (een gesimuleerde patiënt) door middel van 
een korte patiëntbeschri jving. De student wordt daarna In de 
gelegenheid gesteld om meer Informatie over de pat iënt In te 
winnen. In een PMP Is deze Informatie gedrukt met onzichtbare 
Inkt. De Inkt kan door de student zichtbaar gemaakt worden 
(ontwikkeld) met een speciale pen. Goede en bruikbare Informa-
t ie die ontwikkeld wordt door een student kan door een docent 
beloond worden. Overbodige of foutieve Informatie kan daarente-
gen bestraft worden. Ook voor het uitvoeren van het oplosproces 
wordt het vraag- en antwoordspel toegepast terwi j l eveneens 
goed ontwikkelde opties of alternatieven worden beloond en fou-
tieve opties bestraft. Het PMP resulteert in een behandelings-
plan Inclusief een begroting van kosten en behandellngstijd. 
Daarna kan ook de uitvoering van het behandelingsplan gesimu-
leerd worden. 
De docent zou aan de hand van een opgelost PMP kunnen bepalen 
wat de kwal i te i t Is van het behandelingsplan (het produkt) en 
van het oplosproces. 
In hoofdstuk 9 wordt de val idi tei t van twee ontworpen PMPs vei— 
geleken met twee Papieren Patiënt Problemen (PPPs). Een PPP 
plaatst een student voor een patiëntprobleem, In de vorm van 
een beschrijving, hetgeen In een behandelingsplan moet worden 
opgelost. Twee typen val idi teit werden onderzocht terwi j l een 
derde type val idi tei t , Inhoudsvalldltelt, door de wijze waarop 
PMPs en PPPs t o t stand kwamen, aanwezig werd geacht. 
Construct val idi tei t stelt de vraag centraal of een PMP of PPP 
Inderdaad meet wat het behoort te meten; In dit geval behoren 
zij probleemoplosvaardlgheid te meten. Kriterium val idi teit 
heeft betrekking op de m ate w aarln een Ρ MP/PPP datgene meet w at 
een ander Instrument ook meet. BIJ het bepalen van krlterlum 
val iditeit In deze studie werden de cijfers van tien kognltieve 
modules als kr l terla gebruikt om de cijfers, die studenten 
behaalden voor de PMPs en PPPs, t e voorspellen. 
Bij het vallditeltsonderzoek bleek het gewenst om de moeilijk­
heidsgraad van PMPs en PPPs t e expl iciteren. Deze moeilijk­
heidsgraad bl i jkt t e worden beïnvloed door het aantal onder-
wijsdoelstellingen waarop het probleem berust, de herkomst van 
deze doelstellingen (het studiejaar) en het aantal sub-
samenvatting 265 
problemen binnen het komplexe probleem. In de studie werden 
twee Ρ MPs en twee PPPs getoetst. Ρ M PI en ΡΡΡΙ zijn gebaseerd op 
tweedejaars doelstellingen, bevatten een Identiek komplex 
probleem en z|Jn relat ief eenvoudig ten opzichte van PMP2 en 
PPP2, welke berusten op derdejaars doelstellingen en eveneens 
onderling aan elkaar gelijke patiënt-problemen bevatten. 
De vier management problemen werden onder testkondlttes opge-
lost door derde-, vierde- en vljdejaars studenten tandheelkunde 
In het studiejaar 1983-1984. Voordat de valldlteits aspekten 
bestudeerd konden worden werd vastgesteld of de bepaalde moel-
Hjkheldsgradatles ook teruggevonden werden In de resultaten. 
Daarbij kwam vast te staan dat een verschil tussen belde gehan-
teerde moeilijkheidsgraden aangetoond kon worden tussen PPP1 en 
PPP2 maar niet tussen PMP1 en PMP2. Dit leidde to t de konklusle 
dat het oplossen van PMPs een kennis- en/of vaardigheid vei— 
wervende Invloed heeft op de studenten. 
De aanwezigheid van construct val idi teit werd onderzocht door 
de prestaties van de drie studiejaren met elkaar te vergele-
ken. De vierdejaars en vljfdejaars studenten behaalden hogere 
cijfers voor zowel PMPs als PPPs dan de derdejaars studenten, 
hetgeen duidt op de aanwezigheid van construct val idi tei t . Dit 
gegeven wordt enigszins gerelativeerd doordat de prestaties van 
de vierdejaars studenten uitstegen boven die van de vl j fde-
jaars. 
De cijfers van de geselekteerde kognltleve modules bleken niet 
In staat om de prestaties van studenten op de PMPs en PPPs te 
voorspellen. Dit wijst erop dat deze modules niet hetzelfde me-
ten als de management problemen. Kriterium val idi teit kon dei— 
halve niet worden aangetoond. 
De c(jfers die studenten behaalden voor de PMPs bleken hoger te 
zUn dan de cijfers voor de equivalente PPPs. Toch vielen de 
PMPs b|j studenten minder In de smaak dan de PPPs te rw^ l het 
oplossen van belde soorten problemen bij studenten als onple-
zierig overkomt. 
Tot slot wordt gekonkludeerd dat het aanbeveling verdient om 
het gebruik van tandheelkundige PMPs als meetinstrument voor 
probleemoplosvaardlgheld en, vooral gezien de resultaten, als 
leermiddel verder te onderzoeken. 
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SUMMARY 
With the Introduction of a new curriculum at the Dental College 
of the University of Nijmegen the term ' treatment planning' was 
explicit ly outlined by the clinical restorat ive departments. 
From that moment on student dentists were taught to resolve a 
patient's dental problems with the aid and support of a problem 
solving cycle. 
Chapter 1 of this thesis describes the education In treatment 
planning as It was Introduced then. In this educational setting 
the treatment plans constructed by students, are evaluated by 
dental facul ty . A study Investigating the Intel—rater agreement 
among dental educators (preceptors) In evaluating t reatment 
plans revealed that this agreement was very low. Almost all 
evaluating aspects were graded significantly d i f fe rent . 
A fu r ther objective of this study was to Investigate the manner 
In which the final grade of a treatment plan was determined by 
the preceptors. Especially the evaluating aspects " t reatment 
al ternat ives", "chosen al ternat ives" and "Just i f icat ion" 
appeared to Influence the final grade. The aspects "h is tory" 
and "cl inical examination" had considerable less Influence on 
this grade. In addition, the qualitative evaluation cr i te r ion 
"correctness" and the quantitative c r i te r ion "completeness" 
were better applicable than other c r i te r ia studied. 
The results of the f i r s t chapter Indicate that education In 
treatment planning and the evaluation of t reatment plans 
requires Improvement. 
Chapter 2 delineates the precise course of a dental problem 
solving process. A distinction was made between the psycho-
logical course of the problem solving process and the process 
In which thinking acts succeed one another. Resolving a problem 
was found to depend on the nature and content of a problem. A 
patient In need of dental t reatment can be character ized as a 
complex problem. The complexity of the problem Is related to 
the sub-problems within the complex problem. Complex dental 
problems cannot be resolved through the application of 
algorithms. Instead, heuristic procedures which Increase the 
chance of finding a co r rec t solution, can be applied more 
successfully. 
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In developing a heuristic problem solving procedure for dental 
problems, the complex problem (I.e. the patient) was 
transformed Into smaller segments In which more Insight could 
be obtained or which were easier t o resolve. As a result the 
complex problem was divided Into four parts. This Implies t h a t 
a solution for the complex problem requires solution of all 
four constituent parts. Thus, a maximum of four treatment 
planning phases must be completed t o resolve the ent i re complex 
problem. The four phases Include the solution of Immediate 
problems, microbial problems, reconstruct ive problems and 
maintenance problems. The planning of t reatment In each phase 
Is established through a series of empirically determined 
Intermediate phases which are connected to each other by 
solving Instructions. The completion of each phase Is followed 
by a renewed observation. This observation Is directed toward 
the specific problems to be resolved In the next phase. 
The relations between the observation and the four treatment 
planning phases are contained In the Problem Solving Model. 
(PSM). This model prescribes the Ideal problem solving pathway. 
In chapter 3 Gal'perln's learning theory was selected t o teach 
students to resolve dental problems. Within this learning 
theory the PSM serves as a basis f o r or ientat ion. A basis for 
orientat ion In this theory must meet three requirements. First, 
It should enable students t o or ientate themselves to the 
problem to be solved. Second, It can be util ized by an educator 
t o evaluate the problem solving process as conducted by a 
student. Third, It can be used by both educator and student t o 
provide and receive feedback respectively. 
I t was reported t h a t the PSM provides an Incomplete but 
adequate orientat ion t o the sub-problems t o be resolved. 
Especially because the PSM could be used to construct an 
evaluating system f o r treatment plans, the feedback function of 
the PSM was Improved. 
The main object ive of chapter 4 was t o examine In what way 
patient Information could be recorded before, during and after 
treatment. A number of goals to be achieved by recorded patient 
Information In medicine served as a start ing point for 
developing treatment planning forms for use In dentistry and 
dental education. As a result of the analysis conducted, six 
forms were designed. The observed phenomena during clinical 
examination are recorded on the form "observat ion". For each of 
the treatment planning phases a problem solving form Is 
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available. These forms contain the Intermediate phases as a 
checklist to fac i l i ta te the problem solving process. Whenever a 
planned act ivi ty Is conducted,It Is recorded and subsequently 
assesed on the form "progress notes". 
In chapter 5 the results of an educational experiment are 
described. In the experiment the PS M and the problem solving 
form which addresses microbial problems, together with the 
evaluation system, were Investigated. The experiment was 
conducted among second-year student dentists during the module 
Clinical Dentistry I In study-year 1980-1981. In this module 
half of the students were presented an experimental course In 
treatment planning containing the experimental variables. The 
remaining students, the control group, were taught to construct 
treatment plans with the tradi t ional method. Both treatment 
planning courses were concluded with a compulsory test to be 
completed simultaneously by the two groups. The test comprised 
three parts: the construction of a t reatment plan given 
specified patient Information, f i f teen multiple choice ques-
tions and a questionnaire. 
The results of the analysis of the constructed treatment plans 
Indicate minor differences between the experimental and the 
control group concerning the Identif ication of problems and the 
categorization Into problem fields. However, these differences 
did not lead to the conclusion that one of both groups produced 
a qualitatively better description of these Intermediate 
phases. An additional comparison of student's findings and 
expert-Judgments revealed very small dif ferences. 
The analysis of the solutions, chosen by students to the 
observed problems, Indicated that students consider a large 
number of t reatment alternatives to be applicable for most of 
the problems. The experimental students more frequently chose 
only one solution for each separate problem than did the 
control students. In addition, the control group tended to 
generate a treatment alternative for a group of problems like, 
for Instance, the preventive problems. Considerably more 
control students than experimental students did not mention any 
treatment al ternat ive to problems Identif ied. These differences 
were Introduced by the treatment planning form applied In the 
experimental group. 
Furthermore, second-year students appear to be Incapable of 
generating t reatment alternatives to problems which they have 
Identified but which they are not required to recognize yet. 
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In Investigating the pr ior i t ies which students assign to the 
various Identif ied problems the experimental students appeared 
to generate a more explicit ly defined sequence of pr ior i t ies . 
The experimental students stated treatment pr ior i t ies for each 
separate solution of sub-problems to be conducted within a 
treatment session while most of the control students only 
defined the pr io r i ty of sessions Instead of solutions. Both 
groups assigned the highest p r io r i t y to typical periodontal en 
preventive problems. 
Few students were able to precisely estimate the required 
treatment time for the planned act iv i t ies. Besides, half of 
both groups did not succeed In estimating the treatment time 
within the ranges of acceptabil i ty. In estimating, the 
experimental students tended to plan a shortage of time and the 
control students a surplus. 
The Introduction of the treatment planning form was very 
successful. The checklist for recording the problem solving 
process was noticed In almost all experimental t reatment plans. 
Self-evaluation was applied by only one-third of the 
experimental students and provoked these students to expect a 
higher grade for their t reatment plans than the students who 
did not evaluate themselves. 
The Items of the multiple choice test proved to be unreliable 
to measure cognitive skills concerning t reatment planning. The 
results of the questionnaire Indicated tha t students consider 
t reatment planning to be essential to their study and fu ture 
dental pract ice. The experimental students appreciated their 
course more than did the control students. In addition, the 
experimental students Indicated tha t thei r method of treatment 
planning. I.e. the PSM, was more logical and clear. 
Chapter 5 results In the final conclusion that the experimental 
parts of the PSM are applicable In dental education on a level 
which Is at least equivalent to the corresponding parts of the 
existing method, the latter one being Improved for many years. 
Since the experiment described In chapter 5 tested few parts of 
the PSM, the entire model was submitted to five dental 
educators and three psychologists/educationists which were 
employed at Dutch dental and medical colleges. Their comments 
and the Implications to the PSM are described In chapter 6. 
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The respondents' general Impression confirmed the applicability 
of the model In dental education. To dental pract ice they 
expected the model to be less valuable. The main reason for 
this finding proceeded from the experiences, gained during 
pract ice, which causes dentists to think more effect ively than 
the PS M allows. To them the PS M Is assumed t o be an Inhibiting 
f a c t o r . 
In conducting the experiment described In chapter 5, the 
experimental course was presented using the educational methods 
which were employed for the control course. Chapter 7 describes 
various possibilities to Improve the learning of resolving 
dental problems and constructing treatment plans. Three 
Improvements are described of which the Improvement of the 
Instructional methods and the simulation of management problems 
were chosen. Vicarious learning and posing stimulating 
questions were selected t o guide the problem solving process. 
To excerclse the problem solving process, but also to be able 
t o measure and evaluate problem solving skills of students, the 
simulation technique designated as a Patient Management 
Problem, was p r e f e r e d . 
In chapter 8 this simulation technique (PMPs) which Is uti l ized 
In medical education, was described. Based on the differences 
which exist between medical and dental problems and on the 
character ist ics of resolving dental problems as represented In 
the Ρ S M, the features of a Ρ Μ Ρ f o r use In dental edu cation were 
delineated. 
A dental Ρ MP provides a problem solver (student dentist) with a 
problem (a simulated patient) by means of a short opening 
scene. Thereupon, the student Is o f f e r e d the opportunity to 
collect data on the patient. In a PMP this Information Is 
printed with Invisible Ink. The Ink can be developed by a 
student through the use of a special pen, causing the Ink to 
become visible. Developed Information which Is c o r r e c t and 
useful can be rewarded whereas I n c o r r e c t or useless Information 
can be punished. In addition to the data collection p a r t of a 
PMP, the problem solving process follows the same procedure. 
The Intermediate phases In the PMP contain the treatment plan 
for the management problem which Includes the treatment 
activities, t reatment sequence, an estimation of treatment cost 
and an estimation of treatment t ime. The resolved PMP Is 
believed t o provide faculty with an opportunity t o determine 
the quality of the problem solving process and the treatment 
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plan. 
The study In chapter 9 Investigated the Issue of validity of 
two newly designed dental Ρ M Ps. Besides Ρ MPs, Paper Patient 
Problems (PPPs) were Included In this study. A PPP confronts a 
student with a written management problem to be resolved 
through the construction of a treatment plan. 
Two types of validity were studied while a t h i r d type, content 
validity, was assumed t o be present as all management problems 
were based on precisely defined educational objectives. 
Construct validity Is concerned with the question whether Ρ MPs 
and PPPs measure what they are purported to measure; in this 
study they p u r p o r t t o measure problem solving skills. The 
c r i t e r i o n type of validity Is concerned with the extent t o 
which a PMP or a PPP measures the same as an other Instrument 
of which It Is known to measure problem solving skills. In 
determining c r i t e r i o n vallty this study util ized the grades for 
ten cognitive modules which students completed pr ior to the 
study as predictors of the grades for the management problems, 
since no c r i t e r i a which addressed problem solving skills were 
available. 
To investigate the validity of PMPs and PPPs In this study, 
their d i f f icul ty must be explicit ly defined. Such a definition 
Includes the number of educational objectives which the problem 
Is based on, the study-year from which the objectives originate 
and the number of sub-problems within the complex management 
problem. I η the study two Ρ MPs and two PPPs were tested. Ρ MP1 
and PPP1 were based on objectives of the second study-year, 
they contain an equivalent complex problem and are 
comparetlvely simple t o PMP2 and PPP2, which were derived from 
the t h i r d - y e a r study-program and which were also equivalent. 
The four management problems were resolved under test-condi­
tions by 222 t h i r d - , f o u r t h - and f i f t h - y e a r students at the 
beginning of study-year 1983-1984. 
The results Indicated t h a t the defined diff iculty- levels caused 
statistically signif icant differences between the grades for 
PPP1 and PPP2, but this e f f e c t could not be demonstrated for 
the PMPs. This led to the hypothesis t h a t students acquire 
knowledge and/or problem solving skills by solving PMPs. 
Construct validity was investigated by comparing the grades for 
the management problems among the three study-years. For both 
PMPs and PPPs the f o u r t h - and f i f t h - y ear students scored higher 
grades than the t h l r d - у аг students, Indicating that construct 
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validity exists. However, the power of this conclusion was 
disputed by the f a c t that the four th-year students obtained 
higher grades than their f i f t h - y e a r collegues. 
The grades of the selected cognitive modules could not predict 
the scores on the Ρ MPs and PPPs. I t was concluded t h a t 
management problems measured a d i f f e r e n t type of knowledge or 
skill than the modules did. Therefore, c r i t e r i o n validity could 
not be demonstrated. 
The grades which students received for the Ρ M Ps appeared to be 
higher than the grades for PPPs. Yet, the students were more 
enthusiastic about PPPs, although neither PMPs nor PPPs were 
experienced as being pleasant t o work with. 
Finally, It was recommended t h a t the use of dental PMPs as an 
Instrument to measure problem solving skills and as a means of 
learning these skills, be the subject of f u t u r e e f f o r t s . 
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S T E L L I N G E N 
behorende b i j het p r o e f s c h r i f t 
DENTAL TREATMENT P L A N N I N G AND PROBLEM SOLVING 
E . H . A . M . Ve rdonscho t 
1. Het beoordelen van door tandheelkunde studenten vervaal— 
digde behandelingsplannen dient te zi jn gebaseerd op een 
kr l ter lum-geor lênteerd en schr i f te l i jk vastgelegd 
beoordelingssysteem dat voor zowel docenten als studenten 
beschikbaar en bindend Is. 
(Dit proefschr i f t , hoofdstuk 1) 
2. Omdat binnen een tandheelkundig komplex probleem (een 
patient) de oplossing van een deelprobleem de plannen 
voor andere deelproblemen kan beïnvloeden, dient een tand-
heelkundige behandeling niet verder In de t i j d voorui t 
gepland te worden dan het Inzicht In het betreffende 
komplexe probleem toelaat. 
(Dit proefschr i f t , hoofdstuk 2) 
3. Het Probleem Oplosslngs Model Is een prescript ief en 
heuristisch model voor het oplossen van tandheelkundige 
management problemen. 
(Dit proefschr i f t , hoofdstuk 2) 
4. Bij het klinisch onderzoek naar, en de behandeling van 
tandheelkundige problemen dient de volgorde waarin de deel-
onderzoeken en de deelbehandellngen worden ver r i ch t ge-
baseerd te zi jn op protocol lair omschreven k r l t e r l a , die de 
urgentie van de problemen belichten. 
(Dit proefschr i f t , hoofdstuk 2 en 3) 
5. Het schr i f te l i jk vastleggen van de gedachten en handelingen 
van een tandarts staat een objektleve evaluatie van dit 
denken en handelen toe. 
(Dit proefschr i f t , hoofdstuk 4) 
Doordat het oplossingsproces van een management probleem 
kan worden vastgesteld aan de hand van de gekozen oplos­
singsroute door een Patient Management Probleem, kan een 
Pattent Management Probleem een kracht ig leei— en t e r u g -
koppellngslnstrument z i jn In het tandheelkundig onderwijs. 
(Dit p r o e f s c h r i f t , hoofdstuk 7, В en 9) 
Het plannen en uitvoeren van een tandheelkundige behande­
ling In fasen maakt het mogelijk om de behandellngskosten 
met grote nauwkeurigheid v ó ó r a f te berekenen. 
(Dit proefschr i f t , hoofdstuk 2 en 6) 
De Implementatie van resultaten van onderzoek van het 
Wetenschappelijk Onderwijs Is beter mogelijk Indien het 
onderzoek ressor teer t onder de direkte verantwoordel i jk-
heid van de vakgroep, die het betreffende onderwijs 
verzorg t . 
De Stelnei—analyse welke kan worden toegepast bij het 
opstellen van een orthodontisch behandelingsplan, Is een 
heuristische oplossingsmethode en wordt daarom ten onrechte 
aangeduid als een analyse. 
Elke toekomstige wijziging In het ziektekostenverzekerings-
systeem dient uit te gaan van het principe dat gezondheid 
en gezond gedrag beloond worden en waarbij tevensongezond, 
z lekte-veroorzakend gedrag niet vanzelfsprekend leidt t o t 
een vergoeding van de ziektekosten die een gevolg daarvan 
z i j n . 
Niet het gezin maar het Individu Is niet de hoeksteen maar 
de bouwsteen van de samenleving en alle samenlevingen daai— 
binnen, waaronder het gezin. 
Volleybal kan gekarakteriseerd worden als een ulthoudlngs-
sport met explosieve momenten. 
De relat ieve eenvoud van de spelregels bij het voetbal 
maakt elk kommentaar bij voetbaluitzendingen, anders dan de 
namen van spelers (speelsters), vo ls t rekt overbodig. 
Mét de PTT dient heel politiek den Haag het hogerop 
te zoeken. 
15. Polit ici die beter weten, weten wel beter . 
16. Het gezegde: "Rookvlees bederf t niet" gaat niet op voor 
longen van rokers . 
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